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Qimm^mmzmmmm -mo-- TOiwsmsM. compositions oom&mzm mm 

This invention relates to Koyei dil^<lmfe^e»a^Be|somers 5 pharmaceutical 
compositions containing •fep,,^rp^^s,fer-i^aMng-%3Pft and their therapeutic 
uses, 

5 Backgrpqacl of the toreatkm 

Tetmbenazisie (Chemical mm: t^A^V^^^y<^^>iWime4lioxy«3--{2~ 
me%1pmp>d>2H~beii2:o(a)qiiko!i2|a^a0>^ been in use as a phamaeeutkal 
drug since fee late 1 950s, lankily used as m antipsychotic, tetaben&dae is 
emxentiy used for treating Jbypeikiaetfc. movement disorders such as Huntington's 
10 diseases kemibaiiisiaus, senile chorea, tb s tardive dyskinesia and Tourette's 
syndrome, see for example iaekovic et aL , Am. J. PsycMatry, {! 999) Aug; 
156(8); 1279-81 and Jaofeovle ei d,, Nmmilm>0B7) Feb; 48<2):358-62. 

The pnmatj pharmaeologksl action 6f^^^iie^ : t^^ae« &e supply of 
monoamines (e,g, dopamine, serotonin, and norepinephrine) in the eemraf nervoos 
15 system by inhibiting &e human vesicula* monoamine transports* isoliotm 2 
(hVMM'2), The drug also blocks postsynaptic dopamine :reeepum 

Telrabenazine is M effective and safe drug for the treatment of a variety of 
nypcridoetic movement disorders and. in contrast to typical neuroleptics* has not 
been demonstrated to cause tardive dyskinesia, Nevertheless, tetrabenaxine does 
20 exhibit a somber of dose-related side effects .inel uding causing depression, 
parkinsonism,, drowsiness, nervousness or anxiety, insomnia and,, in rare cases, 
neuroleptic malignant syndrome. 

The central effects of tetrabenaxine closely resemble those ofreserpine, bra it 
differs from reserpiae in that it lacks activity at the VMATI transporter. The lack 
25 of activity at the. VMATI tnuBporlxa means that tetmhenazine has less peripheral 
activity than reserpine and conseajrently does not produce VMATI -related side 
effects such as hypotension. 

The chemical structure of tetiabenazine is as shown in Figure 1 below, 



1 



CH,0 V 



o 



Figure 1- Structure of tetmbosaidne 



The compound lias ehiral centres si the 3 m& 1 lb carbon atoms and hence can, 
theoretically, exist in a total of four isommc-forms, as shown in Figure 2. 
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Figure 2 ~ Possible tetrabenassitt© isomers 

la Figure 3, the stereochemistry of each isomer in defined usmg the W R and S" 
nomenclature developed, by Cabs, higold and Prelog, see Advanced Organic 
Chemistry by Jerry March, 4* Edition, John Wiley <% Sons, New York, 1992, pages 

10 1 09- 1 14. hi Flgate 2 and elsewhere hi this patent application, the designations "R ! * 
or "S" are given k the order of the position numbers of the carbon atoms.. Thus, for 
example, MS Is a shorthand notation for M 5 1 IbSl Similarly, when three ehiral 
centres are present, as In die dihydrotsirabensrines described belowj the 
designations T or "S" are listed hvthe order of the carbon atoms 2, 3 and lib. 

1 5 Thus, the 2S'3B JJhR isomer is referred to m short hand form as SSI?, and so on. 



Commercially available tetrabenazine is a meemie mhsmre of the MM and 55" 
isomers and it would appear that the MR and Sisomes (hereinafter referred to 
Individually <$^|<^V!9^ m-tf^-^ei^mi^ fcec&ass the hydrogen atoms at 
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the 3 sad I Ih posltiorrs have & trans relative avmmtkm) are hheiuost 
tliecmodyaamieally stable Isomers, 

Tmh^mim bas so^Ms«? Md^ It is extensively 

metabolised by first-pass mstabpiism, M& Mte or m unchanged ■fdiabenasdtte is 
5 typically detected m the urine. Hie lisajdr metaix>Ht8 is tihytirerieirabenadne 
(Chemical name: 2~hydroxy~3<2«e%1p0fjyl}4 ,3,447, 1 lb-h©3cafeydm-9 f 1 Q- 
dimetk>xy-bejj2o(a)qmttoli2me) which Is forined by redustiaa of the 2-kefo group 
m tetaheaazme, and is believed to- 'be primarily responsible for the activity of the 
drag (see Mehvar ei al, Drug Metab.Disp, IS, 250-255 (1987) arid / Ptezrm. Set, 
1.0 7630.6,461.-465 (1987)). 

Four dtlaydrot«tmbeJ5S2a»fi- isomers have previously been Identified end 
characterised, all of them, being derived toa ^m^;^^^M:Md-SB\$m^ : ^f- 
the parent tetrabenaxine and having a ■■trans -.relative orientation, between the 
hydrogen atoms at the 3 md t lb pc^itaj.(m I^feam WaL>€kirM& 9:59-62 
15 (1997) aad BrOssi si at, Belv. CMm. Am., vol XIX Mo. 193, ppl 793 -1806 (1958), 
The four isomers are (r)<^hhyto (±}4~ 
dihydroietrabenaxlne and (~)-p-dnhydrotetrabeuexine. The stroenn^s of the four 
Mq\Va dihydrotetrabena^ine isomers axe considered to be as shows m Figure X 




SRR OH R88 OH 



20 Figure 3 - Structures of Utmin Isomers of dihydmtetrabetiaime 

Kilboum et at -(see Eur, I Pharmacol., 278:249-252 (1995) and Med Chem, Res., 
5:11 3-126 (1994)) investigated th^ radio-labelled 
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djhydrofetraben^sfee isonrers In the conscious rat brain They found that the (-f)-a- 
f ! € jdthydrofetrabetiazme -(283^ lb,&) isomer accumulated in regions of the brain 
associated with higher oaneenft'stmns of the neuronal membrane dopamine 
transporter (DAT) and the vesicular monoamine transporter (YMAT2), However, 
5 the essentially inactive (-^-t"^^^ 1 ^^^^^^®^^ was almost 
uBifonidy distributed in the brain, sngpsting that specific binding to DAT and 
VMAT2 was not occurring. The im-vfm.^eAs correlated with In vitro studies 
which demonstrated that the (f)n»4 u €}d%^totetmbejm2aae isomer exhibits a K ; 
tor [ 2 iI]methoxytetiabsna2ine >2000-feId higher than the K. for the (-)-a- 
1 0 [ ! ' CldihydroteiTabenaxine Isomer. 

To date, so far as the applicants ate aware, the dihydrotetfabenaaansi isomers 
derived from lbs unstable MS and SJt isomers (hereinafter relerred to individisslly or 
collectively as ci?-tetrabenaxine because the hydrogen atoms at the 3 and l i b 
positions have a correlative orientation) of tetrabenarine bavc notpreviousry been 
15 isolated and characterised, and the biological activities of these confounds have 
not been published hitherto. 

Snniinary of the Invention 

1 has now been fwmd that dihydroteirabenagane isomers derived from tke unstable 
and $.R isomers ("cis" isomers") of tetrabenazine are not only stable fe.it have 

20 unexpectedly good biological properties. In particular certain of the isomers have 
receptor-activity profiles that are suggestive of a number of ad vanta ges over the 
MM/S$ tetiabenadne currently in nse. For example, several of the isomers, although 
having high affinity for VMAT2, sh®^ greatly reduced or negligible binding of 
dopamine receptors indicating that they a?s mjlfely to give rise to the 

25 dopaminergic side effects encountered with tebahenazine. Hone, of the isomers 
showed inhibition of the dopamise-&s8^^^:' : i(PAT). In addiboo, studies in rats 
on several of the Isomers h^s.sh&wa ttatthe^. fcGk.'ihe unwwtted sedative side 
effects associated with teirahenaxluo .The lank of sedative activity may be due to 
the very low aflMdes of some of the isomers for adrenergic receptors. 

30 Furthermore, whereas one of tbe aide effects of feimbenazlne is depression, several 



W0 2(i(!5/!)?7946 P€1.yCiB:M*S/SRHM64 

5 

of the dihy droielrabeimKiBg isomers; showm affi»iiy &r tto sesstianm transporter 
(SERT) protein bdicati^-i^t tbey.m&y Imve.aatli^s^saatxaetivity. 

Accordingly, in a first aspect, the invention provides 3,1 lb~ct$~ 
(Uhvdrotetrabenasfete. 

5 la. anot her aspect, the invention provides a ptoramcei^kai composition comprising 
3,1 Ib-c^ -dil^ydrotetrabenagSriO aad a pliarniaceotically acceptable earner. 

The invention also provides 3,1 ife-^l^dibyds'OieJxabsaazine in substantially pure 
form, tor example at an isomeric purity of greater than 90%. typically greater fears. 
95% and more preferably greater than 98 ti 

10 The term isomeric purity" In the present context refers to the amount of 3,1 
dihydrotetratemiue present relative to the total amount or concentration Of 
dihydrofetrabenazine of all isomeric fptrna, For example, if 90% of fee total 
dilrydroiettabsnaxine present ia the composition is 3,1 ib-cfe-difeydrotetrabena^snes 
then fee isomeric ptMty is :90% . 

fS Tbe invention fbrthex provides a composition comprising %l \b*fi&>~ 
dfeydrotetrabenaxiae substantially fee of 

preferably oon.tain.ing less than 5% of 3,1 Jb-^m^iliydrotetrabenaxhiCj more 
preferably less than 3% of 3jl ib^ms-d^uydroteirabena2ine s and most preferably 
less than 1% of 3,1 lb"^w^-diiry<feote(rabenazine. 

20 In another aspect, tbe. ; i»veniop povides 3 f l Ib-c^dibyfe-otetmbeaa^me for use in 
medicine or therapy, for example ia the treatment of hyperkinetic movement 
disorders such as Huntington's disease^ hemihaliismus, senile chorea, tie, tardi ve 
dyskinesia and Tonrette's syndrome, or in the treatment of depression. 

In a further aspect, the invention provides the use of 3,i lb-ei?-dibydroietrabeeazine 
25 for the manufacture of a medicaraerit fer tie treatment of byperkiaetle movement 
disorders such as Huntmgton's disease, hemibailismuSj senile chorea, tie, tardive 
dyskinesia and ToureWs syadrome s or the treatment of depression. 
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In a still, farther aspect, the ax^utiOT provides s-me&^..fortfee-^rc^hylasl$ or 
treato««t of a hypeddBetic movemeat disorder such as BanMngtori's disease, 
hemibaliismm, senile chorea, tic, tardive dyskinesia and Toureite's syndroms, or 
the treatment of depression: i«-%|«feti«-»«^-oif:S^ii.|^phjiaxis or treatment, 
5 which method comprises fe/^db»Jtaiid^oi*,ofaii efeetive prophylactic or 
therapeutic anroooi of 3 s l Ib^l^difej^rotettaheaasirie, 

The terra "3,1 Ib-ei?-" as used herein means feat the hydrogen atoms at the 3- ami 
! ! b-posxiiOBS of the dihydrotetrabenagirse structure ate in. the cis relative 
odsntatkm. The isomers of the iavetnion are therefore ■ compounds of the form da 
10 (I) and antipodes (mirror images) thereof! 



There are .four possible isomers of dlhydrotetraheoaxirie haYing the 3,nb»ew. 
cojvftguration mid these are the 2S;SSA IhR isomer, the 21,3^ s ilb5 isomer, the 
■2R0yl VhR isomer and the ^M;i&S®mm< The four isomers have been 
U Isolated and cfearastertged and, m another aspect the im/entioo providos iodividual 
Isomers of 3,1 lh»<?I^Khhydrotetrabenazhie, la particular, the invention provides; 

(a) the 2S. f 38,UbR isomer.of.3,IlW/,y-d?Jiydrotetabe»^itie having the formula 




OH 



00 
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H ) 



H 



^ (ib) 

(c) die 2i?35,i ibi? bonier of 3,IIl>ef^dt1aydrqtetrabeaaKme fcaviag the formula 
(ic): 

CH 3 0. x ... --n 



CH 3 0" 



T 1 




H I 



0H (IC) 



(d) the 26\3iU 1M isomer of 3.11 b-d^-dihydrotetyabeimme having the formula 
(Id): 

CH 5 0 '- r ;X^ N Y'"' V ^ s 

I 

OH 

Hie Indi vidual novel isomers of the mventioit can be characterised by theft 
10 spectroscopic, optica! and diromatograpbie properties. 

Preferred isomers are the dextrorotatory (+) isomers, 

Without implying any particular absolute configuration or stereochemistry, tha ibsr 
novel isomers may be ehametensed as fbllows: 

Isomer A 

! 5 Optical activity as measured by G>RD (methaooL iaevorotator y (~) 

XR Spectrum (iK.Br solid);, 'H-NMIi spectrum (CDCI3} and i3 G-NMR spectrum 
(CDCI3) substantially as: described in Tabic 1. 
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Isomer B 

Optical activity as measured by ORD {methaunij 21 Xj: de^roromtory (*) 
III Spectral (KBr solid), ! H-NMR speehnnn CCDCIs) mid ? T-NMR spectrum 
(CDCJ3) subsMatMly as described in Table 1. 

s MornerC 

Optical activity as measured fey <MX> (methanol. 2l O: 0): dexnorotalory (4-) 
IR Spectrum (KBr solid), *H-NMR spectrom (CDCfe) and l3 C~NMR spectrum 
(CDCU) suk^antialiy as described In Table 2, 

fcpmerD 

10 Optical activity as measured by ORf) (mette^l, 2 IX): iaevorotatcwy {■-} 

IR Spectrum (KBr solid), ! H-NMR spectrum p3€fe) and !3 C~NMR spectrum 
(CDCb) substantially as described in Table 2. 

OBiD values for eaeh isomer are given in tbe examples below but it is noted 'that 
such values are: given by way of example m& may vary according to the degree of 
1 5 purity of the isomer and tbe ioiluenee of other variables such as temperature 
fluctuations and tbe effects of residual solvent molecules. 

The enMiidnters i% B, C and D may each be presented la a substantially 
eeantiemefiealiy pure form, or as mmSmm vntb other enautioroers of the invention. 

The terms "enantiomeric purity" and "eesntiomerically pure 15 in the present context 
20 refer to the amoutrt of a given enaatiomer iof^jjtt^/^&ydfotetrabenazaie present 
relative to the total amount ei concentration of dihydroteteabenardne of all 
enantiomeric and isomeric forms. For example, if 90% of tbe total 
dibydrotetrabenexine present in the eompositioa is In the form of a single 
ersautlomer, then 'the- enantiomeric. p$i% is 90%. 

25 By way of example* in each aspect and embodiment of tbe invention, each 

individual enaatiomer selected fbom Isomers A> B> G and D may be present in an 
enantiomeric purity of at least 55% (e.g. at least m%, 45% 70%,. 75%, 80%, 85 % 5 
90%, 95%, 97%, 98%, 99%, 99.5% or 100%). 
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The isomers of.the^iayea^oa-siay also fee presented m the fr>rm of mixtures of one 
or more of Isomers A, B, C as4.D, Such mixtures may be raeemie mixtures or uon- 
racemie mixtures. Exaf^pIfis.i^?aeaHkmixtp«2s include the raceraic mixture of 
isomer A and Isomer 8 and the racemic mixture of isomer C sad Isomer D . 

5 Pli&rmacetitkaliv Acceptable Salts 

Unless the context tw|ttlrf5 $$3&&i^i& #s8^«&i& $is application to 
dihydrGtetrabenaxine and Us isomers, includes within its scope not only the tree 
base of the dihydrotettahenszlae hot also its sate, and in particular acid addition 
salts. 

1 0 Particular acids from which the acid addition saits are formed include acids having 
a pKn value of less than 3.5 and more usually less than 3. For example, the aeid : 
addition salts can be formed from an add fearing a pK& in the range front *3<5 to 
-3.5. 

Preferred acid addition salts include those formed mth sulphoole acids; such as 
t S methanesulphonie acid, edumesulphonie acid, bensene sulphonic acid, toluene 
srdphonio acid, camphor stdphonic acid and naphthalene sulphonic acid. 

One particular add from which acid addition salts may be formed is 
methaaesuhphonic. aeid> 

Acid addition salts can bs prepared by the methods described herein, or 
20 conventional chemical methods such as the methods described in Pharmaceutical 

Stiffs: Properties, Selection, Use, P. Heinrich Stahl (Editor), Gamble G. 

Wermufh (Editor), ISBN: 3-90639~t)26~S 5 Hardcover, 388 pages, August 2002. 

Generally, such salts can be prepared by reacting the free base form of the 

compound with the appropriate base oraeid in water or in an organic solvent, or in 
25 a mixture of the two; generalIy 5 ;hOTMuedns media sneh as ether, ethyl acetate, 

elhanol, isopropaool, or aeeionhrtle are used. 



The salts are typically pharmaeeuiicaliy acceptable salts. However, salts thai are 
not pharmaceutically acceptable may also be prepared as .mmrmediats forms which 
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may then be conv^^kto;pbanfia^ttftc^y. : ai^ep1abk safe. Such mm- 
pharmaceutieaUy mm0»^HiMMtms ^so form part of the invention. 




in a further aspect, there is provided a process (Process A) for preparing a 
5 dihydrotefraben^&ine of the inyeMioa, wkcli process comprises the reaction of a 
compound of the formula (H); 



with, a reagent or reagents suitable for hydratmg the 2,3-double bond in the 
compound of formula (!!!) and thereafter where required separating, and isolating a 
10 desired dihydrotetrabenazlne isomer fonts , 

'the hydration of the 2,3 -double bond eas be carried out by hycboiwaticm mmg a 
borane feagpnt siKih as diborane or a borane-ether (e,g v bora»e-tetrai>ydrofttran 
COif }) to give an Intermediate alky! boraue mddwt followed by oxidation of the 
alky! botane adduct and hydrolysis in the presence of a base. The hydroboration i s 

15 typically earned out hi a dry polar PoiHprotic solvent such as an ether (e.g. THF), 
usually at a non-elevated &mpera'fe?%.S>f example room temperature. The borane- 
alkerse adduct is typically oxidised m&i an oxidising agent such as hydrogen 
peroxide irs the presence of a base providing a source of hydroxide i ons , such as 
ammonium hydroxide or an alkali metal hydroxide, e.g. potassium hydroxide or 

20 sodium hydroxide. The hydroborstkm-oxidation-hydrolysis sequence of reactions 
of Process A typically provides dihydrotetrabenazlne isomers in which the 
hydrogen asms at the 2- and 3^ositions have a tram relative orientation. 

Compounds of the Ibrmula (II) can be prepared by reduction of tetr&benaxme to 
give a dihydrotetmbensmue^M 
25 Reduction of the tetmbermidne can be aecompbsijed using an alumhhnjn hydride 
reagent such as lithium alnminium hydrldej or a horohydride reagent such as 
sodium ho?ohydride v potass or a borohydride derivative, for 




H 



(II) 
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example m alky! horohydride such MiithteM«s^-lb|E#! borobrydride. 
Alternatively, the reduction step can be effected using catalytic hydmgenatiou, for 
example over a Raaey nickel or platinum oxide catalyst. Suitable conditions for 
performing the reduction step are described in mop detail below or can be found In 
5 US 2,843,591 (HoSnnnnv La Roche) and Broasi et at, Hdv. CMm. Acta, vol. XIX 
No, 193, ppl 793-1 806 (1958). 

Because the tetxabexmiae used as the star&g jnaterial ferthe reduction reaction is 
typically a snixture of the RR and SS isomers (Le. irms-i&kHbma.Taxm), the 
dihydrotetrahenaxine fensed by : '&§;.f®ljs:^Qii--ste|j-will have the sane trans 
10 eordlgntation about die 3- and 1 1 bposilkms and mil take fee ibrna of one or more 
of the. known dihydroieirabenasine teasers shown in figure 3 above. Thus Process 
A may involve Staking tbe known isomers of dibydrotetsabenaxlne, dehydrating 
thetn toibrm the alkene (II) and then "rehydrating" the aikerse fit) using conditions 
that give the required novel ds dilwdrotetrabenaxhis isomers of the invention, 

15 Dehydration of the dihydroteirafoeuazine t$ the aikene (H) ean be carried put using a 
varMy of standard condi dons for dehydrating alcohols to form aikenes, see: for 
example J.. March (idem) pages 3 89-390 and references therein- Examples of snob 
conditions Include the use of phosphorus-based dehydrating agents such as 
phosphorus halides or p&c^Ks^i^fesl^^.^.^OCl-j and FClj, As an 

20 alternative to direct dehydration, tbe hydroxy! group of the dihydroteonbenazine 
can be converted to a leaving group L such as halogen (e.g.. chlorine or bromine) 
and then subfeeted to conditions {e.g, the presence of a base) .for eliminating H-L, 
Conversion of the hydroxy! group to a balide cau.be achieved using methods well 
known to the skilled chemist fat example by reaction wife carbon tetrachloride or 

25 carbon tetrabromide m the presence of a triaikyi Of Mary! phosplune s ach as 
trlphenyl phosphine or tribuMphosphine. 

lite tetrabenasine used as tteit^isg:-.ii»aiesM,for tbe-rei&stion to give the 
dihydrotelrabenazine can be obtained Conamereiaiby or Can be synthesised by the 
method described in US 2,830,993 (Hoftmarm-La Roche), 
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The invention also -pmiifes- &-ptm$$s (Process B) for .preparing a 

dihydro letrabmazine of the iuvemioru which process comprises -subjecting a 

compound of the formnia (IH): 



u 

H (III) 

5 to conditions for ring-opening the 2,3 -epoxide group in the compound of ths 
formula (III), and thereafter where required separating and isolating & desired 
dlhydrotetrabeuazine isomer form. 

The ring-opening can be effected in accordance with known methods for epoxide 
ring openings, However, a currently peferred method of ring-opening the epoxide 

10 is reductive ring opening which can fee achieved using a reducing agent such as 
borane-TBE Reaction with feorsne-THP can be earned out in a polar uoa^proiic 
snlvent stich as an ether (e.g, tetmhydrorumn} usually at 'ambient temperature, the 
feotMie epmplex thus formed being subsequently hydrolysed by heating in the 
ptesence of water and a base at the mflnx femperature of the solvent, Process 8 

.15 typically gives rise to dihydrotetrabeoaxiue isomers in whkh the hydrogen atqmsat 
the 2« and 3»gdsjMdB& .have ;a.^.r^afive orientation. 

The epoxide com pounds of the formula (III) can fee prepared by epoxidatioa of an 
aiksne of the formula (II) above. The epoxidanoo reaction can fee carried out using 
conditions and reagents well known to the skilled chemist, see for example I 
20 Match (idem), pages 826-829 and references therein, .Typically, a pet-acid such as 
/fi.i?n?~eh|oroperbenzoic acid (MCPBA), or a mixture of a pet-acid and a farther 
oxidising agent such as pemfeiorie aeM, may be used to bring about epoxidatioa. 

When die starting materials for processes A and B above are mixmres of 
enantiomers, then the-producUs-^fl^'prsee^s'vi^^iMiy.-be pairs of 
5 eiiantioiiiers, for example racernio Mxtnres, possibly together with 

diastereoisomerie impurities, IJnwahted diastereoisomers can be removed by 
techniques such as ofexomatogrBpliy (e.g, Wl£% and the individual enantiomers can 
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be separated by a variety of methods kmvm to ibe stilted chemist. For example, 
they cm be separated by rneana oft 



(n) forming a salt with an optically pure ehkal acid, separating the salts of 
tlie two diastereoisomsrs by fractional crysbuiisatioo aad then releasing the 
dihydmtetrabenaxrne from the salt; or 

(Hi) forming a derivative (snch. as M festeir) with m: optically pute elrlral 
derivausing agerd (e.g, estsriryiug agent), separating fieresidting epimers (e.g, by 
chromatography) and then converting the derivative to the dihydrotetxabenazke. 

Om method of separating pairs of enantiomers ohCaittod from each of Processes A 
m& 8, and which has been fovmd to he particularly emotive, is to esterify the 
hydroxy! group of the dihydrotetrabenazine with an optically active iormof 
Moshers aeid ; such as the M £*) isomer shown Mow, or m active form thereof : 



The resulting esters of the two e«&atiot»ers of the dmydrobenazine caa then, be 
separated by o!rfo.mstography (e.g. HPLC) aa4 the separated eaters hydtolysed to 
give the $n4m« #i^bem»:-^>m«^! -wfa§ a base such as an alkali metal 
•hydroxide (e.g. NaOH) in a polar solvent such as methanol. 

As an. .alternative to tssing mixtures of enantiomers as the storting materials in 
processes A and B and then carrying out separation of ensntiorners subsequently, 
processes A and B can each.be carried out on single eaantiomer starting materials 
leading to products is which a single enantiomer predominates, Single enantiomers 
of the alkene (II) can be prepared by subjecting RR/SS totrabenazine to a 
stereoselective reduction using lithium tti-stfe-bbtyl borohydride to give a mixture 
of SRR and RS8 <K^i^0metS'df:.d{&^d^l^l^a^iis 5 separating the enantiomers 
(e.g, by fractional cir^^JIJsasStdn) 'aijd'llifea^feydfstiag a separated single 
snantiomer of dihydrotmrabenazhie to give predomhiantly or exclusively a single 
enantiomer of lite compound of formula (II). 



(i) cMml ehmmatography £^ support); or 
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Processes A and B are Mutated in. more detail below m Schemes I an 
respectively. 

Scheme 1 



CH,0 



CHjO" 
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<§v) y ^' " v CftSH 

6 




CB,0 



T 



BK-THF CH,0^^ x 



VV N x 
H' 



(in 



/?-(*V5Vloshsr ; s acid 
oxaiyi chloride 



H 
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{!} HPIC 
(ii) NaOH m&oh 



(VI) single Isomer 



Scheme t illustrates the preparation of mdlvidyal diiw<1rdfetrabeaszme Isomers 
5 having the 2$£S, I IhR and 2ipi? f I IbS con&gutations in which the hydrogen atoms 
attached to the 2- aid 3-positions are arranged M a tram relative orientation. This 
reaction scheme includes Process A defined above. 



The starting point for the sequence of reactions in Scheme i is .commercially 
available tetrabenavdne (IY)is?$c& is i&e^icT&iki^ 6f 8i#'.ER.aud SS optical 
1 0 isomers of telrabenrame. in each of the M. and SS isomers, the hydrogen atoms at 
the 3- and lib-positions are arranged in a tr&m relative orientation. As an 
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alternative to using the commercially available coffifoasd, MmheMxme can be 
syxithesised abeoMhsg to the procedure described in US patent number 2,830,993 
(see in particular example 11). 

Tire racemia mixture of Bit and SS tetrabamdne is redneed using the horohydrids 
5 reducing agent lithium iri--see%ay! horohydrM® ("L-Sefeetricte^ to give a mixture 
of die known 25,3/2,1 IbR and 28jS>l I hS 1 isomers (V) of dihydrotenubenarinm of 
which only the 25,3/2,1 lbi2 Isomer is shown for simplicity. Bjrusmg fee more 
sterieally demanding L-Selectride as me berrd^drlde reducing agent rather than 
sodium borohydride, formation of the : Ml. and SSS isomers of dihydto- 
1 0 tetobeaazmc is minimised or suppressed. 

The dihydtotetrabeoazme isomers (V) are reacted, with a dehydrating agent such as 
phosp.ho.ms pentae'hloride in a aon»protic sol vent such as a chlorinated hydrocarbon 
(for example chloroform or dichloroniemane, preferably dichlorometbane) to form, 
the tinsatumted compound (II) ss a<pah of eftantiomofSs only the : J?-enaatioraer of 
15; which is shown In fee Scheme, The dehydration reaction Is typically carried out at 
a temperature lower than room temperature, for example at around 0~§ 9 Q. 

Ibemisarutaied compound (11) is then subjected to a stereoselective rehydration to 
generate the dihydrotetrabenaxine (VI) and its mirror image or antipode (not 
shown) in which fee hydrogen atoms at fee % and 1 lb-positions are arranged in a 
20 cis relative orientation and the hydrogen atoms at the 2- and 3-positions are 
arranged m a tram relative orientation. The stereoselective rehydration is 
accomplished by a hydroboration proeednte using borane-THP in terrahydroturan 
(THF) to form an intermediate borane complex (not shown) which is then oxidised 
wife hydrogen peroxide in the presepos of a base such as sodium hydroxide, 

25 An Initial purification step may then be carried out {e.g. by HPLC) to give the 
product (V) of the reparation reaction semtenee as a mixture of fee 2S35 1 1 bR 
and 2i?,3i?,l lh$-imvsm$-Qf : ^vh8$T^^^ I ibR isomer is shown in the 
Scheme. In order to separate the isomers, fee mixture is treated, with R (r) 
Mosher s acid, in the presence of oxalyl chloride and dimetlrylaminopyridirse 

30 (DMAP) In dlehloromethane to pve apair of diasiereoisomerle esters (VII) (of 
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which only ©as disstereoisome* is ^pn>\^c!i:.cafi.-t6e».be separated using 
HPLC, The k#¥Kli?aI esters can tiiea be hydrolysed using an alkali metal 
hydroxide such as sodium hyAexide to give & single Isomer (VI). 

la a variation of the seqaeac^of^^.AQW»|R;Sii^e 1, following the redaction 
5 of RR/8S tetrabsnazme :! the rswhijig inixtee of snaniiorners of the 

dihydrotetrahena&ine (V)--<^ : 'W.s^8i^^-^0'-give;tbe- individual enantiomers. 
Separation cm. be earned out by fermkg a salt with a chiral acid such as (+) or (-) 
eaurphorsidphoule acid, separating the renting diastereoisomers by fractional 
erystalllsatioo to give a salt of a single enaatas* .satf tei>tfe!ea^tjg the tree base 
10 fern fee salt 

The separated dihydrotetrabenaxins eaantlourer Can be dehydrated to give a single 
eaatdlorner of the alkene (II); Subsequent rehydration of the alkene (H) will then 
give ppdoMtiafitly or exclusively a single ehardicaaet of the .cis- 
dlhydrotetrabeuazioe £VT); An advantage of this variation is that it does nop involve 
15 the fermstlpn of Mdsher's acid esters and therefore avoids the cfepmatograpMc 
separation typically used to separate Mosher s acid esters. 

Sehsme 2 illus trates the preparation of Individual dlhydrotetrabenassine isomers 
haying the 2$ s 3Sl Ih.& and 2iSl3i?f! lfeSeoofig«ratior)S in which the hydrogen atoms 
attached to the 2- and 3-positions are arranged in & en? relative orientation. This 
20 reaction scheme includes Process S defined above. 
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In Scheme % the imsatisnded wmpoxmd (II) is produced by reducing tetrahenazin« 
to give the 2S,3B.J IbS. sad 2R J 3SJ1M isomers (V) of dihydrotetrateiazitte and 
dehydrating with. PCL? m the manner described above in Scheme 1 . However. 
5 instead of subjecting the compound (II) to hydro^oration. the 2 ; 3~doabie bond is 
converted to a» epoxide by reaction with met&^Mompzthsmom acid (MCPBA) 
and perchloric acid, The epoxidaiion reaeno«.is conveniently carried out in an 
alcohol solvent such as Methanol typically as m dnnd room ismpeMisre. 

The epoxide (VII) is then snhjeeted to a reductive rhrg opesMf using borane-THF 
10 as an eiectrophiiic reducing agent to give m inieimsdlats bomne complex (not 
shown) which is then oxidised and cleaved with hydrogen peroxide m the presence 
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of aa alkali such, as sodium bydroMde to give a dihydx^etmfoeoaxme (VIII) as a 
mixture of ills 2J?JS 1 1 bR and 2&3^11M isomes, of which only the 2R£S t 1 Ibl 
is shown for simplicity. Tfeamt&nt of the mixtare of isomers (VIII) with J (-■-) 
Mother's acid m toe presence of oxaiyl ettisridraa*! ^mt^tyliaaMopyndme 
S (DMA?) in dichiommethace gives a pair of epimeric esters (IX ) (of which only 
one epimer is shown) which caa'tei-bys«^at«|.by. dsmm^ography and 
hydrolysed with sodium hydroxide in methanol in the manner described above in 
relation to Scheme 1 . 

'The chemical intermediates (II) and (HI) ate believed to be »ew and represent a 
1 0 further aspect of the invention . 

Mefogleaj 

Xetmbma^irse exerts its therapeutic effects by inhibiting the vesieniaf ino^amms 
tmasporier YMAIS In the braio and by inhibiting both presynaptic and post- 
synaptic dopamine receptors, 

15 The adyel dihydroteimbeaaxlne isomers of the mveatj# : :^Msb.«tt4Mtors- of 
YMAT2i .With Isomers € and B prcxlucing the greatest degree of inhibition, like 
.Mr&beuazine, the compounds of the invention have only a low afftaity for VMAXI , 
the VMAT isoform fotmd In peripheral tissues and some endocrine ceils, thereby 
indicating that they should not produce the side effects associated with, reserpiae. 

20 Compounds C and B also exhibit no inhibitory aelMty against eateeho! 0~me%l 
transferase (COMT). monoamine oxidase isoferms A arid B, and 5- 
hydroxytrypiamhie isofersos Id and lb. 

Surprisingly, isomers C and 8 also show a remarkable separation of VAMT2 and 
dopamine receptor activity In that although they are highly active in binding 

25 YMAT2, both compounds exhibit: only 1 weak QZ'm&^sxMmt dopamine receptor 
blading activity and lack Dopamine Transporter (DAT) binding activity. In fact, 
none of the isomers exhibit significant DAT himhng activity. This suggests that the 
comnnnnds m.nv lack the dopaminergic side effects ooxlnead bv tetTabenaxme 
Isomers C and B are also either weakly m&& or inactive as mMbMors of the 

30 adrenergic rec^tors -aM'tM^,s^g^ 'fe# the eompomids may lack tbe adrenergic 
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side effects;©ffene»c©miip^ "with teteafeenazioe. In fact m locomotor studies 
carried out on rats. tetmb'ss^^^ljiM^-a dose related sedative effect, whereas 
no sedative effects were dbserveif ■■fbllpfv^^adBJiflisWioH of the 
dihydrotetebeaMtee isomers B aad C of tlie jr^eatlon, 

5 Furthermore, both Isomer C and Isomer B are potest mMbitors of the serotonin 
transporter protein SER.T. hihlbition of SEMf is one mechanism by which 
antidepressants such as flaoxeftae (Prozac®) exert iheir therapeutic effects. 
Tb&te&ritb, the ability of isomers C and B to iribiblt SERT indicates that these 
isomers may act as antidepressants, in mated eotitrast to tettabenazme for which 
1 0 depression is a well recognised side effect. 

■:0a the basis of the studies carried ont to date. It is envisaged that the 
dihydroteirabeuasine eotopounds of the invention will be useful in the prophylaxis 
or treatment of the disease states and conditions for which ictrabcnashie is currently 
used or proposed. Thus, by way of example, and without iiuiitafieh, the 
15 dihydrotetrabenszi ue compounds of the invention may be used for the treatment of 
hyperkinetic movesnerit disorders soeh as Huntington' s disease, hemibalHsmufc,: 
.senile chorea, tic disorders, tardive dyskinesia, dystonia and lbwette*s syndrome. 

It is also envisaged that the dihydrotetnmenaxine compounds of the invention may 
be useful in the treatment of depression. 

20 The compounds will generally be administered to a subject in need of such 
administrators tor example a hnman ox animal parent, preferably a human. 

The compounds will typically be administered in amounts that ana therapeutically 
or prophyiscticaUy useful and which generally are non-toxic* However, in certain 
situations, the benefits of 8dmMst^ng : s:33^dmtetrahe»^iae compound of the 
25 invention may outweigh the disadvantages of any toxic effects or side effects, in 
which ease it may be considered desirable to administer compounds in amounts that 
are associated with a .degree of toxicity. 



A typical daily dose of the compound can be in the range from 0.025 miliigrsms to 
5 milligrams per Mlogmm of body weight, for example up to 3 milligrams per 
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kilogram: of body weight, and. more typicaly OAS milligMms to 5 milligrams pet 
kilogram of bodyweight aithongh mghffir or lower 4oses may be axtejnistei ed where 
required. 

By way of example, an initial starting -dose of 12 J rag may be administered 2 to 3 
5 times a day; The dosage can be increased by 12,5 nig a day every 3 to 5 days imiil 
tiie maximal tolerated and effective dose is reached for the individual as determined 
by the physician. Ultimately, me quantity of compound administered will be 
commensurate with tlmmrtme <jftfee'^a^.''qi:-pkysioIogieal condition being 
treated and (he therapeutic benefits and presence or absence of side effects 
10 produced by a given dosage regimen, aral willbe at the discretibfi of the physician, 

Pharmaeeiitkal lmy.mchU.kms 

Theitrveution also provides dihydtotetrabenaaine compotmds as hereinbefore 
defined in fee form of pharmaceutical compositions. 

The pharmaceutical eonrpositions can fee in any form suitable :for oral, parenteral, 
1 5: topical, intranasal, InttabronehiaL ophthalmic, otic, rectal xntrar¥8g|nal s or 

transdermal administration, Where me compositions are intended for parenteral 
administration, they can be formulated im intravenous, intramuscular, 
intraperitoneal, subcutaneous administration or for direct delivery Into a target 
organ or tissue feyi^Ac^-iii^iim-Or-oi^^^as of delivery, 

20 Pharmaceutical dosage forms suitable for oral administration include tablets, 
capsules, oaplets, pills, lozenges, syrups, somtions, sprays, powders, granules, 
elixirs and suspensions, sublingual tablets,, sprays, wafers or patches arid buccal 
patches. 

Pharmaceutical compositions coaiaimssg tfee^ihydifOtetrabst^azine compounds of 
25 the invention can be formulated M accordance wife known techniques, see for 
example. Remington's J'harmaceptical Sciences, Mmk Publishing Company, 
Easton, PA, USA. 

Thus, tablet compositions can contain a unit dosage of active compound together 
with an Inert diluent or earner such as a sugar or sugar alcohol, eg; lactose. 
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sucrose, sorbitol or mannitoi: and/pr a non-sugar derived diioenr. such as sodium 
carbonate, oaleium phosphate, Me, eaislum carixmaie 5 or a cellulose or derivative 
thereof such as methyl «eilalos.8 3 .;^Eh^l ceHafose, 'k^mwyj^pgtM&ikyl cellulose, 
and starches such as com .starch. TaoMs may also oDBtamsach standard 
ingredients as bladiug and gr^dialtsg agenfe ms&wpptpfteylpyictoUdonf},, 
disintsgranis (eg. sweIkbk :: CSO§^Mt^1b^^-'S^'®i <acsdinked 
carboxymethylceiiulose), lubricating agents (e>g, steamies), preservatives (e,g, 
parabens). antioxidants (e.g. BHT), buffering agents {for example phosphate or 
citrate buffers), and effervescent agents s«eh a« citrate^icarboBate mixtures. Such 
excipienis are well known and do not need to be discussed m detail here, 

Capsule fonm.iktio.o s w&y be of the hard gelatin or soft gelatin •variety and cm 
contain the active component m solid, semNbiid, or liquid &t«i. Gelatin capsules 
can be footed from ammai gelatin or synthetic or plant derived of ulvalents thereof 

lis solid dosage iots&a (e.g.; tablets, capsules etc.) cm be coated ot un-eoated, but 
typically have a coating, for example a protective film coating (e.g. & wax or 
varnish) or a release controlling coating. The coating (eg. a Eudtagit r ** type 
polymer) can be. designed to release the active component at a desired location 
within the gastro-hrtestinai tract. Thus, the coating can be selected so as to degrade 
under certain pH conditions within the gastrointestinal tract, thereby selectively 
release the coaipound in the stomach or in the ileum or duodenum. 

Instead of; or in addition to, a coating, me drag can be presented in a solid matrix 
comprising a release controlling agent f for example a release delaying agent which 
may be adapted to 'selectively release the compound under conditions of varying 
acidity or alkalinity in the gastrointestinal tract Alternatively, the matrix material 
or release retarding coating can take the form of an credible polymer (e.g.. a mafeie 
anhydride polymer) which ^-st^sttotMiy.-cQijs&iuou^y eroded as the dosage htm. 
passes through the gastrointestinal tract 

Compositions for topical use mbiude oinhnents, creams, sprays, patches, gels, 
liquid drops and inserts (for example iMraoeaiar inserts), Such compositions can be 
formulated in accQ*d&pee 'V&t5?.ls^m. : .me&8ds» 
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Compositions far parenteral a^fe^te^9»-8^--l^i^y:-|>p^8»t«4 as sterile 
aqueous or oily solutions or 'fk& : g®^mfom f or may be pnsvidMin finely divided 
stents- powder form for m^ii^rS^e^^j^m^u^y-wi|b.^^k--mter for 
.injection. 

5 Examples of ibrmnlations for ^al er%^wg|nd;8#^M8tEUtion include 
pessaries and suppositories which may fee, for example, formed from a shaped 
nmddable or waxy materia), coataimagr&e active compound. 

Compositions for admmistratlon by iahaMIon may take the form of irshalabie 
powder compositions or liquid, or powder sprays, and can. be administrated b 
1 0 standard form using powder inhaler devices or aerosol dispensing devices. Such 
devices are well known. For administration by inhalation, the powdered 
formnlanofis typically comprise the active compound together with ari inert solid 
powdered diluent stich as lactose, 

The compounds of the iiwemiom will generally feepreseotedia unit dosage form 
15 artdj as snelp will typically contain sufficient compound to provide a desired level 
ofMologieal activity. For example, a formulation intended for oral adrmniMradon 
may contain from 2 milligrams to 200 milligrams of active ingredient, more usually 
from. 10 milligrams to 100 miUigmrns, % example, 12.5 milligrams, 25 milligrams 
and 50 milligrams, 

20 'the- active compound will be administered to a patient in. need thereof (for example 
a human or animal patient) in an amount sutlcient to achieve fee desired 
therapeutic effect. 

EXAMPLES 

The following non-lmriiing examples iOrspsde &e synthssis and properties of" the 
25 dilrydrotetrabenaghie compounds of the irwenion, 

SXAMPLB1 
Pmear^ 
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OH O^^NsT*S , 
H # OH 

!M L-SelectrMe* in tetrahydrt^waa (135 ml, 135 mmoi, 2.87 eq.) was sdded 
slowly over 30 mtacte to a stilted soMos of tetraberu&iae jft&SSS raeemate (15 g, 
47 mmoi) in sthanoi (75 ml) and tetn^wdrofuran (75 ml) at 0 °C. After addition 
5 was complete tiis mixture was sfeed at 0 *C£qr 30 stiiptes and than allowed to 
warm to room temperature. 

'Oio mixture was ported onto crushed ice (300 g) and water (100 ml) added., The 
solution was extracted with diethyl ether (2 1 200 ml) and. tfee combined ethereal 
extracts washed with water (100 mi) an&pardy dried over ^anhydrous potassium 
10 carbonate . Drying was completed using anhydrous magnesi una sulphate and, after 
Sltradork the sokeut was removed at reduced pressure (shielded from the light, 
hath temperature <20 *€) to afford a pale yellow solid. 

The sold was slurried with petroleum ether (30-40 °C) and filtered to afford a 
whfte : powdery solid (12 g v 80%)> 

.1 5 IB. Dehydration of reduce d Teirabeaadae 

H OH 



T 



"OH 
2Rsan&s 
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Phosphorous pentaehloride (32 J g, 157.5 nuuol, 2.5 eq) was added sn portions over 
30 minutes to a stirred soli^oa.<?ffe'*e^K^..ldm^iazi»e product from Example 
1A (20 g, 62.7 mmol) in : &Mmm$meX%$ft mi), at 0 *€« After the addition was 
eourpfcte, the reaction mixture was stirred at 0 G G far & fhrmer 30 minutes and the 
5 solution poured dovdy^t^;.^:.^ue0m^s&im carbamate solution containing 
crushed ice (0 °C). Once the initial add gas evoteion had ceased the mixture was 
basified (ca. pB 12) using solid sodium carfconMe, 



The alkaline solution was extracted using ethyl acetate (§00 ml) and the combined 
organic extracts dried over anhydrous magnesium sulphate. After filtration the 




1 5 A. solution of the erode alkeae (10J? 36:11 mmol) fmm Example IB in dry THF 
(52 mi) st room temperature was treated with 1M horane~THF (155,6 ml 155.6 
mmol, 4.30 eq) added in a dropwise manner. The reaction was stirred for 2 hours, 
water (20 ml) was added and the soiaaon baaified to pH 12 with 30% aqueous 
sodium hydroxide solution. 

20 Aqueous 30% hydrogen peroxide solution -(30- ml) was added to the stirred alkaline 
reaction mixture atid/ftfe. solution ws&:hmX$&i& &rl hour before being 
allowed to cool Water (100 ml) was added ami the mixture extracted wife ethyl 
acetate (3 x 250 mi). The organic extracts were combined and dried over 
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anhydrous m&g^s|im.si4p^-«ad-a^.^atte'^ mlymt wwremoved at 
reduced pressure to afford a yellow oil (9 g). 

The oil wss purified «sl«g Reparative HJ?LC (Coiumn; Kefesphet Si60, 5 \m> 
230 x 21.20 mm, mobile phase: he^se ; ethaaoi : dichferomoihaae (85:15:5); UV 
5 254 nm, flow: 1 0 ml fttilf ^ )•'# : 350•ISg;i^^tftj8cti^a!• followed by conomtetion of the 
fractions of interest under vaesum. The p-oduct oil was then dissolved in ether and 
concentrated once more under vacuum to give &s dihydrotetrabenazine meemate 
shown above as a yellow foam (5.76 g. 30%); 



R^l-^-msmoxy^ acetic acid (5 g } 21,35 mmol), oxatyl 

chloride (2,02 Hil) md DMF (0.16 m!) were added to anhydrous dicMoromethane 
(50 ml) asd the solution was stirred at room temperature for 45 minutes. The 
solution was concentrated under reduced pressure and the residue was taken up in 

1 5 anhydrous dlebleromethanu (M ml) once more. The resulting solution vm cooled 
using an tee«wafer bath, and dimethyisaaiaopyridme. (3.83 g, 31 .34 mmol) was 
added followed by a pre~<M&& solution (over 4A sieves) in anhydrous 
dicMorometlume of the solid product of Exaurpfc 1C (5 g ; 15,6 mmol). After 
stirring at room temperature for 45 miruues, water (234 ml) was added and the 

20 mixture extracted with «0m* (2x 200 ml). The etaer extract was dried over 
anhydrous magnesium sulphate, passed tMough a pad of silica and the product 
elated using ether. 

The collected ether eiuate was concentrated under reduced pressure to afford an oil 
which was purified ^h^ ^toR-c^Tm^gr^&y'C^iea, hexane : ether (10:1)). 
25 Evaporation of the collected column fraetkms crfmterestaadr^adval of the solvent 
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at reduced pressure gave a solid which was fnrihcr purified mmg -column 
cteomatogmphy (silica, hexaae .; ethyl acetate (Id)) to give .-three main components 
which were partially resolved into Mosher s ester peaks i and 2_ 

Preparative HPLC of the three components (Cdpmm 2 x tfehjospher &i60, 5 urn, 
5 2S0 x 21 ,20 mm, mobile phase: hexaoe : isopropanol p7t3)> UV 254 urn; flow; ! 0 
ml mm' 1 ) at 300 mg loading followed by eoneeolxation of the fractions of in terest 
under vacuum gave the purs Mother's ester derivatives 

Peak 1 (3.89 g, 46.5%) 
Peak 2 (2.78 g, 33%) 

1.0 Tiis ftaetioas corresponding to the two peaks were subjected to hydrolysis to 

liberate the individual dihydroietrabemrzine isomers identified and characterised: as 
Isomers A aud B, Isomers A ami B are each believed to have one of the following 
structures 

H' OH 

15 IE. Hydrolysis of Peak 1 to give Isomer A 

Aqueous 20% sodium hydroxide sohuiori (87.5 mi) was added to a solute of 
Mosher* s ester peak 1 (3.S9 % 727. ffimol) in methanol (260 ml) and the mixture 
stirred and heated to rexinx for 150 nhnntes. Alter cooling to room temperature 
water (200 ml) was added aud the sohaion extracted with, ether (600 ml), dried over 
20 anhydrous magnesium sulphate and alter filtration, concentrated under reduced 
pressure. 

lie residue was dissolved ;«smg:0%1 acetate POO ml), the solution washed with 
water (2 x 50 ml), the organic phase dried ow anhydrous magnesium sulphate and 
alter filtration, eoneentratcd under reduced pressure to give a yellow foam. This 
25 material was purified fey comma chromatography (silica, gradient ehhiou of ethyl 
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acetate : hexane (1: 1) to ethyl acetate), fhe-ftacdoas of Interest were combined sad 
the solvent removed at redded pressure* Th& residue was -taken u|> in ether uid the 
solvent removed at reduced nmssure nnee more to give Isomer A as an off-white 
foam (Id g,47%). 

S Isomer A, which is believed to have either the 2$MUM m 2R3RJ 1 bS 

configuration (die absolute stereochemistry was not determinedy was characterized 
by *H-MMR, B C-'NMR, III, mass specteome&^ eMml EPIC and ORD. The IR, 
NMR and MS data for isomer A are set out m Table i and the Chiral HFLC and 
ORD data are set out in Table 3, 

0 IF, Hydrolysis of Feaik. 2 to give Isomer B 

Aqueous 20% sodium hydroxide solution (62,5 mi) was added to a solution of 
Mosher 'S ester peak 2 (2.78 g ? S. 19 nunol) in methanol {IMS -ml) aiKt &e mixture 
sfeed and heated to reflux for ISO minutes. After eoolfeg to room temperature: 
water 04% ml) was added and the solution extracted with ether (44:0 ml), drledover 
5 aidsydroes: magnesium sulphate and after filtration, concentrated under reduced 
pressure, 

'The residue was dissolved using ethyl acetate (200 ml), the solution washed With, 
water (2 x SO ml), the organic phase dried over anhydrous magnesium sulphate and 
alter filtradori; concentrated under reduced pressure. Petroleum ether (30-40 *C) 
0 was added to the residue and the solution concentrated under vacuum once more to 
•give Isomer B as a white foam (1,34 g, 

Isomer S, which is believed to have either the 2S3S4 IM or %R f %R,t IhS 
ecnlkuradoa (the absolute um^h^^-ms^t^^mvosd)!, was characterized 
by ! H-HMB. } ^C-MMR, t% mass spechtuuetry, ohirat BFtC and ORD. T&e JR :! 
5 NMR and MS data for Isomer B are set out in Table I. and the Chiral HPLC and 
ORD data are set out k liable 3. 
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A solution containing a raceffiie mist&e (15 1> 4? mmol) of and 
tsirabenasdns enamiomers p teirmlydroiuma was sheeted to reduction withL- 
Selectnds® by the method of Esampfe lA is give a mixtore of the 2S,M,l VbR and 
i^JSJibScaandornsrs of dih^tgtmbeasala&as a white powdery solid (12 g, 
80%), The partially purified dllydmfeteooimgme was then dehydrated using PCI; 
according to the method of Example l'.B to give a semi-pure mixture of 1 IbR and 
1 IhS isomers of 2,3-dehydjx!tetrabeBa2me (the I IhR enantkuner of which is shown 
below) as a yellow solid (12.92 g, 68%), 



CH s O 



OH, 



hi 



iatioa of th e Cnidg:. A1k:e»g feoaa Example 2A 



0H ;P W^N. 




>rd^^ 
H 



To a stitred solution of 4s crude dkmst from Example 2 A (12,92 g ; 423 mmol) m 
methanol (215 ml) was added a solution of 70% perchloric acid (3.70 ml, 43 mmol) 
in methanol (215 mi). 77% S-Chlof^jeroxyhexsEolc acid (1.5,50 g, 65 mmol) was 
added to the reaction and the resulting mixture was stilted lot 1 8 hoots at room 
temperature protected from light 



The reaction mixture was poured into saturated aqueous sodium sulphite solution 
(200 ml) and water (200 ml) added, GMoroferia (300 nil) was added to the 
20 resulting emulsion and the mixture teitlM wim seated aqueous sodium 
bicarbonate (400 ml). 
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The organic layer was collected andths asmeous phase waste! with additioasJ 
chloroform (2 x 150 xal). The sombked eMoxofem layers were dried over 
a«.hvdmus magnesium snip feats and after Simtion me solvent was removed at 
reduced pressure to give a bro^i Qil(i43S g 5 yield > 100% - probable solvent 
remains in product). This material was used without fctrther purification. 

[ If ] 



CH. s O 




X 

HH r THF H OH 



CHX\ 



H OH 

A .Massed solution of 'the etude epoxide from Example 2B (143$ 423 mmol, 
assuming }Q0Wjri$$Jfr W (80 ta!) treated slowly with 1M borasle/THF 
10 (184.6 ml, 1 84.6 mmoi) oyer IS mirmtes. The reaction was stirred for two hours, 
water (65 ml) was added and the solution heated with stirring to reflux for 30 
.minutes. 

After cooling, 30% sodium hydroxide solution £07 mi) was added to the reaction 
mixture followed by 30% hydrogea peroxide solution (48,6 ml) and the reaction 
was stirred and teaied to tell ux for an additional 1 how. 



The cooled reaction mixture was extracted whh ethyi acetate (500 ml) dried over 
anhydrous magnesium sulphate arid after nitration the solvent was removed at 
reduced pressure to give an oil Hexase (230 mi), was added to the oil and the 
solution re-concentrated ^ndsr reduced pressure. 
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The oily .residue was purified fey column eb^is^papliy (silica, ethyl acetate), 
the fractious of interest were combined arid the soiveut removed tinder reduced 
pressure. Die residue was mrrified epce more using coltimactoojaatogsapby 
(silica, gradient hexane to etlprT The fiaehons of interest were combined and the 
5 solvents evaporated at red?reed pressure to give a pale yellow solid (5.1.8 g, 38%). 

2D. Jirei^tat^ 

Is omers of Difavd rotetfabsnazine 

H G H p 

O'^k ,OCH.< G'' : '"\ Q.CH. 



F,C i! j F*C | I 



R^(*}«a~meibe^ acetic acid (4,68 g, m»ioi) f oxalyl 

10 ehiorMe (1 .90 ml) and BMF (0>13 ml) were added to anhydxpas dicidorpsietbaBe 
06ml) and the solntiors stirred at room temperature fer 45 minutes. The solution 
was concentrated under reduced pressure and the residue was taken up in anhydrous 
dfcMoromethane (40 ml) once more. The resulting solution was cooled using an 
Ice-^watsr hath and dimeihylammopyridine (3,65 g, 29,8? mrnol) was added 
1 5 Mlowed by a pre-dried solution (over 4A sieves) in anhydrous diebioromethane 
(20 mi) of die solid product of Exampfe 2G f4.6S g, 14.6 nunol). After surfing at 
room temperature for 45 minutes, water (234 ml) was added and the mixture 
extracted with ether (2 x 200 ml). The ether extract was dried over anhydrous 
magnesium sulphate, pa$s«d" : fe>tigh. : ^.pa^ : 6f;sMea m& the product eiuied using 
20 ether. 

The collected et%ere;hiate v^:cai¥^M^'^#t:sM«*«d ptessnre to afford an oil 
which was purified using cbbmn sfe&mi^ppa^y {sUie^teroe ; ether (1:1.)). 
Bvaporaridn of die collected cokmo fesotions of interest and removal of the solven t 
at reduced pressure gave a pink solid (C53 g) 
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Prapmtive HFLC rfb>Jl^lQ&mnt:2. x U^s^tm 5 um> 250 % 21.20 
mm; mofeik-ptoe.^esca^'. : is^ipesml:(97i%Wi/ '2$4.wa»fkw: 10 ml min" 5 ) at 
100 mg loading followed by e&aeemrabon of the lfeiMo«s of i^feest usHier yacuuns. 
gave a solid which was d&Mi^pttntom mSmt; (3&-4Q a C) and collected by 
5 fitotlos to give the pure Mosiwsr's ester derivatives 

Peak 1 (2.37 g ; 30%) 

Peak 2 (2.42 g, 30%) 

The fractions corresponding to thedwo peaks were subjected to hydrolysis to 
liberate the individual dibydrotetrabenazine isomers Identified sad characterised as 
10 Isomers C and D. Isomers C and B are each believed to tey® am of die fpltowhiig 
structures 




20% apeous sodhrro hydroxide soh.it.ion (53 ml) was added to a stirred solmion of 
15 Moshar's ester peak I (2.37 g, 4.43 »«aol) in methanol (158 ml) and the mixture 
stirred at reflux ibr 150 miatnes. After cooling water (88 .ml) was added, to the 
reaction mixture and the resulting solution extracted with ether (576' ail). The 
organic extract was dried over atdiydroas magnesium sulphate and after nitration 
the. 'solvent removed at reduced pressure. Ethyl acetate (200 ml) was added to the 
20 residue and the solution washed with water pi 50 ad). The organic solution was 
dried over anhydrous magnesium sulphate and after filtration the solvent removed 
at reduced pressure. 

This residue was treated with petroleum ether (30-40 C C) and tho fesuliing 
suspended sold collected by nitration. The ffitrate was eoricentratsd at reduced 
23 pressure and the second batch of suspended solid was: collected by filtration. Both 
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collected solids mm combined and dm& under reduced pressure to give Isomer C 
(1.0 g 5 70%). 

Isomer C, which is believed to have either the 2R,38,l IbR or %%M r l IhS 
configuration (the absolute ste^^^^&y : ^'-|j<4..a^Emked) > was characterized 
5 by ; H-bMR ? n C-NM.R, lit mass specuumetry, chiraiBFLC and ORD. The % 
NMR and MS data for Isomer C are set out k Table 2 and the Chiral HPLC sad 
ORD data are set out m Table 4. 

2G, Hydrolysis of Peak 2 to pmlsoiMtD. 

.20% aqueous sodium hydroxide solution (S3 mf) was qddpd to a stirred solution of 
! 0 Moabe/s ester peak 2 (2,42 g s 4,52 mmtil) in methanol (158 ml) and fee mixture 
stirred at reflux for 1 50 minutes, After cooling water p$ ml) vm added to the 
react! ou mixtUM and the resulting solution extracted with ether (570' ml), lie 
organic extract was dried over anhydrous magnesium sulphate and after ilffiutioo 
the solvent removed at reduced pressure. Ethyl acetate (200 ml) was added to the 
15 resMtie and the solution washed whh water (2 x SO mi). The organic solution was 
dried over auftydrous magnesium, sulphate and after filtration the solvent removed 
at reduced pressure. 

This residue was ps^^^p^U^^sem^ (30-40 *C) and the resulting 
suspended, orange solid collected by rlhraiion. The solid was dissolved in. ethyl 

20 acetate : hexane (15:85) and purified by column chromatography (silica, gradient 
ethyl acetate : hexane (15:85) to ethyl acetate), Tire Iraotions of interest were 
combined and the solvent removad at reduced pressure. The residue was slurried 
wife petroleum ether (30-40 °C) and the resuhmg suspension collected by rHtraiion. 
The collected solid was dried under reduced pressure to give Isomer D as a white 

25 solid (0.93 $, 64%). 

Isomer B, which i^ ; beli«vied.to kmiilbr or 28£&>llb8 

configuration (the absbluie stereochemistry was not dctermined) ; was characterized 
by 'H-NMR, "C-NMR,. ^•«^-:sp^^fe^ > .ch|rd['.I^LC.tod ORD. The 1R, 
NMR and MS data for Isomer D are set out in "fable 2 and the Chita! HPLC and 
30 ORD data am set out in Table 4. 
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Ik Tables I asd 2,/iJb i$m<.pd5|^&a were : ^lefejpl»ed : «slag the KBrdise method. 
The *H NMR spectra vm& carried smi on sobrtioas hi deuterated chl.ofo.fotm using a 
Varaa GemM NMR speetromeler (2(50 Mfe). The !J C NMR spectra were carried 
out on solutions in destiemte4-«^io^>fem'<»Jga Varian.'G^im-NMR 
spectrometer (30MHz); Tisemass spectra were oetamed iBiag & Micromass 
Platform 11 (ES 1 coadhioiis) spectrometer. In Tables 3 aad % the Optical Rotatory 
Dispersion figures were ohtehiM iismg an Qptieaf Activity PolA&t 2001 fostruaisBt 
m methanol solution at 24 5 C. The HPIXD retention time measurements were carried 
oat using m. HP 1050 HPLC chrom apograph with IJV detection., 



Table I 



'Dihydrotstrabsnazrae isomer 



Isosxisrs A aod .8 




Sf?,3i?,1!i>C 



soccmsa 



6.57 S iHfs); 
3.M § m (s); 
3.55 8 Hi (bod); 

2.79 5 2H(m}; 

2.35 53H(m)3 
2.1? § 1H <$'«}; 



spectrum 



Spectrum 



147.78; 
147.66; 
130.52; 
127.68; 

112.U5; 

70.56; 
57 5 6; 
56.5 5; 

56. 3 5; 
S4.S 3; 
53.2 5; 

40.4 8; 

40.5 5; 
36.0 8; 
M,t S; 
26.2 5; 
23.78; 
22.9 5 



ess ; 
2928 cm" 5 - 
2858 caf ! ; 
2834 cm' s ; 
J410 cm' ; ; 

1454 cnf ; 
B64 csR*h 
1324 cnf s ; 
3258 c«i" ! j 
1223 o:fi -i ; 
!2CB«?v. 
! 144 cnf s ; 
1045 cm\ 

m*mh 

7SS cm 5 : 
?§4 cm' 5 



Speetrum 

£!!.„ 



MIC 320 
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Table a 


.D%drotetrabe«&2fes isomer 


'R-'NMB. 


!3 C-NMR 


m 


Mass 


spectram 




Spectrum 


Spectrum 




ii'd 1 




* :<..:>> 




— - — - — ~~~ 

Isomers C and D 




147,8 6; 


3370 cm''> 


MH* 329 




6.58 51H(s); 


147.7 5; 


2950 cm" ; 






3.V2 5 ;H{mv 


139,4 S; 


2929 cm' 5 ; 






3.S4S6H<s); 


127.2 5; 


1631 cm"'; 






3,12: § ! H {m): 


1 12.0 §; 


i: ; i2;:n' 




2;$?6 3H(m}; 


H)8.3 S; 


3463 cm' 




H OH 


2.43 S4H (m); 


72.4 S; 


5 362 cm ! ; 






1Mb mm; 


65.2 5; 


1334 -each 




OR 




58,3 S; 


1259 cm ! ; 




L2S 3 IB (ni); 


56.5 5; 


122? cm' ! ; 






0.94 «3H$); 


56.3 8; 








0,89 3 311(4) 


52.7 8; 


1063 cm' 5 ; 








38 ,6 S; 


1024 




; W OH 




36.7$; 


835 cm ! ; 








34.4 8; 

m<$ S; 

26.5 8; 
22.5 g 


766 em' 1 - 
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1\sb|gs 3 a^<;,,i, ::: iJ)Tonuitogr:;phy and QRD Data 





DihydrotstmhenaakS isomer 


OsiralHPLC Methods aisd EetentioK Times 


OLD 1 


Isomers A &«d B 


Ooisffijii: 


( 

Isomer A | 


i .-^-v. y--- ... 

! >f*l* j 

j ^<,.- A N 
H° OB 


Chirex (SVVAC, {R>NEA, 250 x 4JS mm 

Mobile phase; Hsxsiie : IjZ-dSchlofoeiha!;* : 
«tba«-:>i {36:62:2} 

Flow: 1.03fi)I sala 5 


[a D ]-114.6 y | 
isomer B | 




UV: 254 mi 


N3 -H2r | 


OR 

> ^j-j:-- v' n 

-?*■'■*-• . . 
H OH 


Resfistioa times: 

taw A l&Js mm 

fsomer B 1 5.3 mm 


j 




| Table 4 


j .Uomorx C and D 




hornet. C 




(S^AT, £^MEA r . 258x4 -Smsa 


*i,sqj ft 




MoifHe phsse: Hsx&m? ; ettooi (92.-.S) 




| H OH 
OR 


Flow: i.C> s»! min"' 


Isomer D 


UV: 254 nm 

Kstssitiois iimas; 

Jsomer C 20.3 min 

Isomer D i 94 mis 

: 
I 


feij] -145,7" 

I 
• 


\ h" oh 


: 
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EXAMPLES 

Alternative Metho&of Ptfffa^ea of termer B : ^d-Br^^.€aa--of Mssvkte Salt 
3 A, ..Reduction of RJVSS Tetebenapae 




lib* mMnU 

S IM L-Selectnde* 5 in tetrahydn>mran (52 mL 52 mmoL L I «£|) was added slowly 
over 30 minutes to a cooled (ice bath), stirred solution oftetrabeaafcftj© raeemate : 
(IS g, 4;? mmol) m teteairydroforan (56 ml). After the addition was complete, the 
mixture was allowed to warns, to. room temperature and stirred for a further six 
hours, XL€ analysis (silica, ethyl acetate) showed only very minor amounts of 

1 0 starting material remained. 

The mixture was poured on to a stated mixtare of crushed ice (1 12 g) 5 water ( 56 
mi) and glacial acetic acid (12.2 g). The resulting yellow solution was washed with 
ether (2 x 50 ml) and basi&d by te slow addition of solid, sodium carbonate (ca. 
.1.3 g). Pet-ether (30-40 °C) (56 ml) was added to the mixture with stirring and the 
1 5 crude p-DHTBZ was collected, as a white solid by filtration. 

The crude mM was dissolved in dkhlorome&arie (ca, ISO ml) and the resulting 
solution washed with, water (40 mi), dri^tss&ig -at^^us ^apieste sulphate, 
filtered and soricentrated -at redaeed pressure to ca. 40 ml A thick suspension of 
white solid was ionued. Pet-ether (30-40 °C) (56 ml) was added and the 
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suspension was stirred for Sftosn nurmies at laboratory temperalwe. The product 
was collected by filtration and 5^$^M.os,#K!--Si4er-ua^i saow-wWte using pet*ether 
(30-40*0) (40 to 60 ml) tg^-a^OPtfe at room t^tpeaateei^ yield {S-DHTBZ 
(10,1 g, 67%) as a. white soM XLC : atislysis (silica, afflryhaeetate) showed only one 
5 component 

Racemic B-DHTBZ 

The product of Example 3A mi l equivalent of {^-(^Campkor^ld-s^phonic acid 
were dissolved with besting in the minimum tmomrtof mefeanol. the resulting 
1 0 solution was allowed to cool and thea diluted' slowly wife ether a«.til formation of 
the resulting solid precipitation was complete. The : .resulting white crystalline solid 
was collected by filtration and washed with ether before drying, 

the camphorsulphonie add salt of p0 g) was dissolved in amiM&te of hot ^solute 
etk&aoi (170 ml) and methanol (30 mi). The resulting solution was stirred and 

IS allowed to cool, After two hours the precipitate formed was collected by filtration 
as a white crystalline: solid (2.9 g), A sample of the crystalline .materia! was shaken 
in a : separating ftmnel with excess saturated, aqueous sodium carbonate and 
diehiaromethane, 'Use organic phase was separated, dried over aido/drous 
magnesium sn1pnate ? filtered and concentrated at reduced pressure. The residue 

20 was triturated using pet-ether (30-40*^) and the organic solution concentrated once 
more. Chirai HFLC analysis of the salt nsinga Chirex (S)~V.AL and (R)~NEA 250 
x 4.5 mm column,, and & faexane : eihanol (98:2) eiaeat at a. flow rate of 1 m!/ruinute 
showed showed that the isolated jJ-BHTEZ was enriched in one enantlomer (e,e s ea. 



25 The enriched camphotauiphouic acid sal (14 g) was dissolved in hot. absolute 

ethane! (140 mXymd propan-2-o! (420 ml) was added. The resulting solution was 
stirred, and a precipitate began to intra within one minute. The mixture was allowed 
to coo! to room temperature and stirred tor one hour. The precipitate formed was 
collected by filtratiom washed with ether and dried to give a white crystalline solid 
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The crystallise material was shaken m a separating fennel with: excess saturated 
aqueous sodium carbonate and dieMpmmetlwis. The organic phase was separated, 
dried over anhydrous magnesium snlpMte, Sltered and oonseattated at reduced 
5 pressure. The residue was triarrated using pet-ether C30~40 S C) and the organic 
solution concentrated once more to yieM {after drying in vacuo.) (rVp-DHTSZ (6.6 
g, (MD +107.$°}. The isolated enantkmrer has e.e. >97%. 

3€, Preparation of Isomer . B 

A solution of phosphorus pentachioride (4.5 g, 21.6 mmoh I .05 eq) in 
1 0 dicidoromethsne (55 ml) was added steadily over ten minutes to a stirred, cooled 
(ice-water bath) solution of the product of Example 3B (6.6 g, 20,6 m.mol) in 
dichSoroniethane (90 mi). When the addition was complete* the resuMng yellow 
solution was stirred for a further ten minutes before pouring on to a rapidly stirred 
mixture of sodhun carboriat^ (1.5 g) in water (90 ml) and crushed Ice (90 g). The 
15 mixture was stirred for a fertfeer 10 minutes and nansferxed to a separating funnel 

Duce the phases had separated, the brown dichloromethaoe layer was tempyed, 
dried over anhydrous magnesium sulphate, filtered and concentrated at reduced: 
pnissure to give the crude aiksne intermediate as brown oil tea. 6.7 g). TLG 
analysis (silica, ethyl acetate) showed thai no (4-)-^-DIIlBZ remained in the: crude 
20 produst, 

The crude alkeos was taken up (dry nitrogen atmosphere) in anhydrous 
tetrahydrofean (40 ml) and a solution of borane in THP (1 M solution, 2,5 eq. 52 
ml) was added with stirring over fifteen minutes. The reaction, mixture was then, 
stirred at room, temperature for two: hours. TtG analysis (silica, ethyl acetate) 
25 showed thai no slkeae intermediate remained hi the reaction mixture. 

A solution of sodhmr h^rojcide (3,7 g) is water (10 ml) was added to the stirring 
reaction mixture, folfowed by an aqueous sohitlpn of hydrogen peroxide (50%. ca. 
7 ml) and the two-phase mixture formed was stirred at reflux for one hour; TLC 
analysis of the organic phase at this time (silica, ethyl acetate) showed the 
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appearance of a prod;uot with Ef as enacted for feesserB. A dharactmstk non- 
p&hr component was also seen. 

Tkn- reaction mixture was allowed to pool to room temperature and was poured into 
a separating funnel The upper organic layer was removed and concentrated under 
reduced pressors to remove she majority of THE Ike residue was taken up In ether 
(stabilised (BHT), 75 mi% washed with water (4S ml), dried over anhydrous 
magnesium sulphate, filtered, and eoneeuirated tinder reduced pressure to give a 
pale yellow oil (8.1 g). 



The yellow oil was purified using eoraran cinematography (silica, ethyl acetate ; 
hexane (80:20), ineteasing to .1 00% ethyl acetate) and the desired column fmclions 
collected combined and concentrated at reduced pressure to give a pale oil Which 
was treated with ether (stabilised*.. I S ml) and eouceotrated. at reduced pressure to 
give Isomer B as a pale yeibw sohtl &am (2,2 g). 

eiiiral HFLG .-using me coralhions set out id Example 3B confirmed that Isomer B 
had been produced in. an enantiomeric excess (e;e<) of greater than 97%, 

The optical rotation was measured using a Beliiagfaam Stanley A0P22O polatimeter 
and gave an [ao] of +1.23.5°. 

3D. Preparation of the Mesy late sa lt of isomer B 

The methai>esulphonate salt of Isaaer B was prepared by dissolving a mixture of 1 
equivalent of Isomer B frosn Example 30 and 1 equivalent of me thane sulphonio 
acid in the minhnurn amoiSati.-ofetetdted.Jfem- adding diethyl ether. The 
resulting white precipitate that formed was collected by filtration and dried -in. vacuo 
to give the mesylate salt 16 a yield ores. 85% and a purity (by HPL C) of b& 96%. 

EXAMF&B4 

Sc^nfor VMAT>2 bifidiggac:-- (v. 
assay 



Dihydtotetmbenasane is a very potent and selective inhibitor &TVMAT-2, and binds 
with high affinity (nM range) to mis vesicular tr ansporter. f H] Dihydro- 
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mmhm$®mim tassa mmmMfy-m&.far many as a rrdioBgandi) label 
VMAT-2 in human, bovine and rodent brain (e.g. :§c&en»an et al J. Neuroehem, 
50, 1 131-1 136 (1988); Near eialMdl Pfmtmaml 30, 252-257 (19B6); Obouro «/ 
a/, fe. ,/ Pkarnmcol 278, 249-252 (1995); aateekere/ df. 6% 23 11- 

5 2317(2001}), 

The four dibydrotetrabessaatt© isomers A. C and D were tested for their ability to 
inhibit ihe VMAT-2 transporter using the assay ifosarlbed below 

Adult rat (Wistar stem) forebram membranes were .prepared essentially as 
10 described by Cfeaxot er a/. (1993) Bimhem, PM?m&eol4$> 605-610. Adult rat 

striata! vesicular membranes were prepared essentially as described by Roland et al 
am0)JPET 29X 329-335. 10 ugMembrsnes were incubated at 25<>C with fll\ 
dmyclrotetrabenazine (VMOpM) m SQmM HEPES pH 8.0 (assay buffer), for 
minutes* and bound radioligand was collected by rapid filtration under vacuum on 
1 5: OWE glass-fibre fil ters, ■Non -specific blading was determined In parallel samples m 
the presence of 2 p.M nniabelled tettabernudne, Radfoactlvity was counted in 
scktiliaiion Suld m a p~eounter, A M concentration range (log and Mlfrlog units) 
of four test compounds (Isomers A, B„ C and D) were assayed (mage: 10 vU - 1:0~ 4 M) 
in triplicate. Test compounds and tetrabeuame were dissolved in DMSO at a stock 
20 concentration of 1.0 iitM, and dilutions then prepared In .assay butler. Three 

independent experiments were performed for each compound. Data were analysed 
and curve fitted using the OrapbJ'ad Prism 3,2 package, 

Results 

Initially, aft adult rat forebmin Pa membrane preparation (Cbazot ef al, 1993) was 
25 prepared and was assayed as described is fee original protocol This yielded a very 
low level of -specific blading aetiyity. 

An adult rat striatal vesloular preparatlori was then prepared^ which yielded a 
significant level of stable specific flij Dihydrotetrabenazine binding sites (5-6 
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pmol/mg pmtehi), This compares well wife published data (Roland ef al f 2000) 
TMs preparation was m&ed for all subsequent assays. 



: Compound 


Apparent pIO^ 






Isomer A 


< 4.0 

Two $m fit 

-.^.98 :■: 0.33 
< -4.0 


«5 } 900 


-0.40 tO. 08 
% sites 

47% 
53% 


isomer b 


-S.Oi :t: O.Co 
Fwo-slte fit 
«S45 ±0.1! 
-7.1.3 ±0,26 




-0,;>2 :•: 0.06 
% sites 
74% 
26% 


Isomer G 


-6.32 :l: 0.02 


28±2 


-0.77 ±0.0? 


isomer D 


-5.13 ± 0 07 


440 ±23 


-0.72 ±0.05 



are mean ± SD far three mdepeudent experiments. K.i values were determined: 
S based on a published rat striatal K D value of 1 .2 nM (Roland <g at, 2000). 

The overall pharmacological proMe in terms of overall Kj values is Isomer C > 
Isomer B > isomer D » isomer A. 

Notably, both Isomer Band Isomer A yMded shallow coropetitioa curves, which 
were best fitted to a two-she binding model 

1 0 Isomer A displayed a high affinity (Kj ~ 59 nM) and low afSmty sits (Kj < S.9 pM. 
affinity), each contributing to approx. 50% of the total sites. This may indicate that 
Isomer A can dlffireniiaie between different siriatai VMAT-2 binding sites. 



MAME0E5 
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Rat striata! synaptic vesicles were prepared essential! y as described in Example 3. 
Thus, a rat striatal Fa meffibsam ps^miGri (Chazot M- dL, 1993} was resuspended 
and homogenised m iee-eold distilled water. Qm&fatit$ was restored by addition of 
5 25 mM HEPES and 1 00 mM potassmm tartrate ($U %$, 4C>. The preparation was 
then eentrifuged for 20 minutes at 20.000 K g (4 The resultant S 3 fraction was 
removed, magnesium sulphate was added (to give a final concentration of 1 mM, 
pH 7.5, 4 C C) S and the mixture was centrifuged at 100,000 x g for 45 minutes. The 
final l\ fraction contains the synaptic vesicles for the assay, 

1 0 An aliquot of 1 00 ul (approx. 2.5 pmtsin) of synaptic p# was pMacpbated 
with increasing concentrations of test conrpounds C and B (prepared, fresh as a 
stock ofiO" 2 Min DMSO) for 30 »i&i|tes:(e<^i!^^o».^g6 10* M - i<? M) } 
&tid &ea % 3 minutes in the &0ay hnfferps mMBBPBS. 100 mM potassium 
tartrate, U mM ascorbic acid, 0.05 mMEOTA, 0.1 mMEDTA, 2 mM ATP-Mg* + , 

U pB 7,5), in me presence of ?&} dopamine (3« »M final concentration) at 30 *£ 
The pm\m was then t^-asl^jd fey addition of k&coid buffer assay buffer pH 7.5, 
containing 2 rnM MgSO* instead of 2 mM ATF-Mg ' 2 *, and rapid filtration achieved 
.^v#;Wlmtma»-'|at^'s»i8^| in Q<$% px>|yfetiryleneirahie. The filters were 
: washed tihree times with cold buffer using a Brands! Harvester. The radioactivity 

20 trapped on the filters was counted using a liquid scintillation counter and aon- 

specific binding was detenmxred by measanng vesicular [ Hj dopamine uptake at 4 
°C. Tlie method was based on that described in Ogsrte YV $r at (2003) Euk J, 
Pharmacol . 472, 1 $5-171, Selective VMAT-2 uptake was defined using 10 ; uM 
tetrabenazioe, 

25 Both Compound C (apparent BGss **18 ± 2 nM) and Compound S (apparent ICse ~ 
30^3 nM) mhIbited.C^ : 4op^me vpiskz ;ta& rat striata! vesicles via the VMAT- 
2 transporter with functional affinities (profile C > B) similar to their .respective 
binding aflsl^e§..d§t@fmM tidsgilts M Dihydrotetrabsna^irie hkdlag assay. 



B. , Y MAT! , , fonetioaal .assay 
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There axe ver^limfted natw^^ aIone s in isalaiioa 

fern VMAT2. However, MrabenaaMte displays ^least a 200-&M higher affinity 
for VMAT2 in comparison to VMATU and this diserinrination can fee used to block 
tlie influence of VMAT2 k ^-tetioaal^y^efesoa etai. (1996) PHAS 
5 (USA) 93, •5566-5171). Adrenal eteOTsfe^ls.w«P! : wia.^ fiora youag adult SD 
rats essentially as described ia Moshhatov etM. ;£2083) J.N^urosci. 23, 5835-584$. 
Thus, adrenal glands were dissected b ice sold PBS, the capsule arid cortex of the 
gi&sids removed and the remahung medulla© were minced. After multiple washes 
with PBS, the tissue was incubated with Q&Mree collagenase JA solution 
1 0 (250U/ml) for 30 muwte$ at 30 with gentle stirring. The digested tissue was 
rinsed three times and the dissociated cells were eeatrifaged at 3000 rpra to form a 
pellet, which was resospended ia PBS. The vesicular faction: was isolated in an 
identical fashion to thai described for the brain preparation, 

100 pi (approx, 2.5 jag protein) of synaptic vesicles were preincubated with 
Id merciumiii eo»o<Juuaiidn» Ox te^ cojupuaue vptepareo. a* previou&ry neseiioeu iot- 
binding assay) for 30 minutes (concentration range 1Q 4 M -~ W 4 M), The assay 
W/p!?^o^isdfpr?-miii«i«§ «t M *Qm assay C?J? mM. HEPBS : , 100 mM 
potassium tartrate, 1,7 mU. m&fofWto&J&i 0J mMEDTA, 2 mM 

ATP-Mg r ", pH 74), i» the presence of ["HJ dopamine (30 nM final concentration). 
20 f HJ dopamine uptake was measured in the presence of 1 0 yM tetrabenazine 
(selectively blocks VMAT2 at this coneentmtieai}. Non-specific uptake was 
determined by measoringwesieu|as| A Kj dopamine uptake at 4 °C. The reaotioo was 
then terminated by addition of ice-cold buffer assay buffer pH 7,5, containing 2 
mM M'gSO« instead o£2 MM ATF-Mg *t> and rapid filtration achieved through 
25 Whatman filters soaked in 0.5% polyeihylenehnine. The fibers were washed three 
times with cold buffer using a Brandei Harvester and the radioactivity trapped on 
the filters was counted using a liquid scintillation counter. 

In the presence of 10 pM TsiS&b^#to^ ^^^pp-aad B ^d Compound C 
poorly inhibited dopamine uptake, the ICss values feeing greater thaa W'M for 
30 both compounds. This Indicates dial horn eompGaads have a low affinity for 
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YMAT-L Moreover, the data ^qw,i^t'l^fe--<^p0u^;^ve,^'!e8st 2-ord.ers of 
magnitude selectivity for VMAT-2 over VMA'f-1 . 

EXAMSM 

Receptor and Transporter Prutda Bmdmg JStndies. 

5 The four dlhydroterrabeBazme isomers A, B, C and I> subjected to specific binding 
assays to test their ability to bind to the reeeptors and transporter proteins described 
below. The results are set out in Table 6 

(a) Adreaerglc &u .Receptor: 

Reference; S.llhicoe/o/. J. Pharmacol Exp. Ther., 271: 15584565 (1994} 
10 Source: Hnra&n recombinant inseciSI9 ceils 
Ligand: 1 &M [ 3 HJ MK-912 
Vehicle: 1% DMSO 
IncttbationiimeiTemr?; 60 .minutes @ 25 *€ 

Inoobarion bailfen 73mM Tris-HCl, pH 7.4, .1 2.5mM MgCk 2mM EDTA 
I S Nob Specific ligand; 1 OuM WB-410! 

K$: 0.6 tM, 

&sm- 4-&pmole/mg protein 

Specific binding: 95% 

Quantitation method: Radioligand binding 
20 Significance criteria; > 50% of ma^itnnm stimulation or inhibition 

{!>} Adrenergic «jg Receptor; 

Reference: S, Uhlea et al, Eur, JI Pharmacol, 33 (1): 93- 1 -1 (1998) 
Source; Human recombinant CBS-IQ cols 
Ligand: 2,5 nM [3HJ Ranwoiseine: 
25 Vehicle: !%DMSO 

incubation time/Temp: dO mlnntes @ 25 a C 

Incubation bnSfer: 50 mM mmnjmMMr[AJ%SmM Mg€i 2 > pH 74, 

0.2% BSA at 25 *0 
Noo Specific ligand: 10 nM Prazosin 
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2.1 m 

Bmsx; 2 J pmoie/mg protsin 
Specific binding; 90% 
(Quantitation method: Radioligand Mnding 
5 Significance criteria: > 50% of maxisnrm snffliiialiaa or IrsMbition 

{«) Dopamine f>i Receptor: 

Reference: Deariy ei at. Nature, 347:72-70, (1990} 
Scares: Human recombinant CHO cells 
Ligami; 1 .4 nM [3Mj S€H-2339P. : 
10 Vehicle: 1HDMSO 

incubation. time/Temp: ' ? C. 

meuhalton bnff&r; 50 mM Tris-HCI, pH 7,4, 150 nM N'aCi 1 >4 nM ascorbic 

acid, 0.001% HSA 
blon Specific figand: 1. 0 jjM (•fj-butaciamol 
15 .K,-:: 1,4 nM 

Bbjss: 0<63pmole/rng protein 

Specific binding: 90% 

Qn&antation method; Radioligand binding 

Significance criteria: > 50% of maxim um simulation or inhibition 

20 (d) Dopamine B 3t R*e<>pusr: 

Reference: Bunzo e! a!. , Nature, 330:783-787 (1988) 

Source : Human recombinant CHO cells 

Ligand; 0,16 nM [3H] Spiperone 

Vehicle: l%DMSO 
25 Inoufeation. time/Tenvp; 2 hours @ 25 *C 

incubation buffer: 50 mM Trfs«H€i, pH 7,4, 1 50 nM NaCL 1 .4 oM ascorbic 
acui 0.001% BSA: 

bton Specific ligand: 1 0 uM HaioperMoi 

Ka: 0M nM 
30 B m:SS ; 0,48 prnole/sng previa 

Specific binding: 85% 
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Quant! mim metfiod : Radioligand eioding 

Significance criteria: > 50% of maximum sfemilafen or Ir&lbitioB 

{«) Dopamine lh Reeepter? 

Reference: Solsolol^ al t Namm, 34?:146~IS1 5 (If 90) 
5 Scores: Human re«<a»bimat : 6HO : c6lfe 
Lig&nd: 0,7 «M [3Hj Spiperotts 
Vehicle: 1 % DMSO 
.focwbatbn time/Temp; 2 hours @; 37 °€ 

incubation but&r: 50 »tM IVis-H€L pB 7.4, 1.50 rMNaC!> 1 .4 rsM ascorbic 

10 acid, 0.001% BSA 
Non Specific iigand: 25 pM. S(->Sulpmde 
K,: 0,36 rM 

B uwt : 1 . 1 prBok/mg protein. 
Specific binding: 85% 

11 Qtmntfiation method: MoMpa&fcte^: 

Sigru&ance criteria: > 50% of maximum sihrndafioo or inMbitioo 

(I) Imidazoline h (Central) Receptor: 

Reference; grown eit Mnt X ?k^MX>£,$9:ZQ3-8Q9> (1 990) 

Source; Wistar sat cerebral cortex 
20 Ogaul: 2 nM [3H] Idazoxan 

Vehicle: 1% DMSO 

lacobstion time/Temp: 30 nmnites @ 2S C C 

Incubation buffer: 50 MM Tris-H£l, 0.S mM EDTA. pH 7,4 at 25 «C 

Non Specific Ilgsind: I pM Idazoxan 
25 K d : 4 nM 

8««. x : 0. 14 pmoie/mg protein 

Specific binding: 85% 

Quantitation, method; RadloB^nrl Mnanjg 

Slgrdfieanee erf tMa: > S0%i of maxim«m stksnlaion or InhibMon 



30 (g) Sigma «r 5 Receptor: 
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Refereneo; G&oapathy et al^ PhamacaL Msg, Tkm, 289:251 -260 f (1999) 
Source; Human jurkaf ceils 
Ligand: 8 nM {BWl iMapsMol 
Vehicle: 1% DMSO 
S Incubation bme/Tsarp; 4 liotirs@ 25 S C 

Incubation buffer: 5 mM KSHP04/KH2P04 buffer pH 7. 5 
Nob Specific ligaad: 1 0 txM Habperidoi 
K 4 ; 5.8 aM 

iWr 0.71 pmoie/mg protein 
10 Specific binding: 80% 

Quantitation method: .Radioligand binding 

Significance criteria: > 50% of maximum: stimulation- bJ inhibition 

(h) Sigma ©2 Receptor; 

Reference: Hashiaioio etaL, Eur, J. Pk$mmml^ 236:IS!Ho r 3 > (1 993) 
15 Source: Wistar rat brain 

Ligaad; 3 nM [311] Ifeuprodii 

"Vehicle! 1% DMSO 

Incdbabon ouie/Taxnp: 60 .minutes <Hi 3? *€ 

t«6ufeatloti buffer: 50 Tris^HCI, pH 7.4 
20 Hen Specific ligaad: 10 uM Ifeapmdit 

K,;: 4,8 nM 

B^; 1 3 prnole/nig protiai 
Specific binding; 85% 
Quantitation method: Radioligand binding 
25 Significance criteria: > 50% of m^imm simulation or inhibition 

(i) Serotonin Transporter (SBET): 



Reference: Gu el al> I Biol ahem, 269(1 Q}:7 124-7 130, (1994) 
Source: Human recombinant HiK-293 cells: 
Ligand: 0,15 nM [12S0M-55 
30 Vehicle; 1% DMSO 

Ineubatinn iims/Temp: 3 hours @ 4 *C 
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!asu|>atlo» buffer: J OQ mM 14aCh J0 mM Tm HCL 1 uM Letjpeptk, 10 uM 

PMSF ; pH?.4 
Non Specific ligand: 1 0 uM Mpporine 
K <; : Q.I7aM 
5 B m x< 0,41 pmoieftng protein 
Specific bunling: 95% 
Qo&utiMioo method: Radioligand bradiag- 
Significance criteria: > 50% of maximum stimulation or ioMhihou 



1 0 Reference; Oiros &t at , Trends Pharmacol Scl, 14, #M9 (1993) 
Go «/ ;?L </. .Mbt Chem., 269(10);?! 24-7 130 (1994) 

Sources Human recombinant CHO cells 

Ligand.: 0.1 5 nM [^X) MI-55 

Vehicle: I%DMSO 
15 :&cubafio« ti^«/Te.m|>: 3 hows- (<| 4 X- 

Incubation buffer: ! 00 mM MaC% SO mM Tm HCL .! Lenncptm, 1C| pM 
PMSF, pH 7.4 

Mob Specific ligand ; 1 0 pM Nomifensine 

K<c 0.58 nM 
20 B ;il : ix : 0.047 pmok/mg protein 

Specific binding: 90% 

Quantitation method; Radioligand binding 

Significance criteria: > 50% of maximum stimulation or imbibition 

Table 0 



Percentage Inhibition by 10 Solutions of Dibj^roteirabcnaxke isomers of 
Specific Bidding at Receptor and liranspoils? Proteins 
{ (ICjo value,, wh&m measured* Is in parentheses) 



ReoeptoriProtein | Isomer A 


Isomer B 


Isomer C 


Isomer D 


(a) a^A Receptor j 86 




13 


87 
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FerceatageMisbitioaby 10 pMSoIoMons ofOihyitofetxabeaaxiae isomers. «f 
Specific Biodmg at Receptor and Transporter Proteins 
(ICm value, where measured, is k parentheses) 



j Eecepior/^rotem 


Isomer A 


Isomer B 


Isomer C 


Isomer D 


| (b) 0.2.B Receptor 


44 


14 


•7 


50 


| (o)Dj Receptor 
i 


78 


I 


6 


38 


(d) £*& Receptor 


87 


•• 


44 


SS 


(e) Dj Receptor 


69 


7 




63 


[ (f) I; Receptor 


74 


S 


0 


55 


I (g) <?j Receptor 


48 


82 


59 


82 


| (h) 0j Receptor 


64 


64 


61 


69 


(i) SERT 


19 


86 (0.35) 


77 (2,75) 


3 


(j) I>AT 


5 


4 


-2 


2 



Isomers B and C were tested for their ability to inhibit enssvmes involved in ihs 
5 processiag of monoamines in the CNS, namely Catechol O-Metbv! Transferase 
(COMT), Moaoamme Oxidase A aad Monoamine Oxidase B. The assay methods 
used are described below aad the results-' are set oat in Table 7, 

(as Catechol O Methyl Transferase iCOMT) Inhibition 

Source: Porcine liver 
10 Substrate: 3 mM catechol + S-adeao^ 
Vehicle; l%DMSO 
Pre^neidjat^ None 
mchbaiiontime: M minutes @ 37 °G 
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Intubation buffer; %QQ mM pmmmnphmphm, IGaM MgGk, 3 mM DTT 

Quaatiiati.OH method: Quotation of f HJ gmacoL 

Significance criteria: > 50% of maximum stimulation or feMbitio« 

S ftilMejip Oxidase MAO--A lulubi|ie& 

Scarce-: Human recoxabpa^ 
Substrate: 50 uM fcynmmnine 
Vehicle: 1%DMSO 
f re4ueuhatlon. time/Temp : 1 5 mmutes; @ 3 7 C C 
1 0 mathation time : M minutes: @ 37 *C 

Incubation buffer; ! 00 mM Kl-fcPO^M 7.4 

Quantitation method: Speotmfluorimetric quanfitatio& of 44iydroxfqm»oKti« 
Significance criteria: > 50% of maximum sSmslate m' feMbt^M 

IS Source: Huroaarecorobiuaai 

Substrate: 50 uM ..kyn.uram.ine 

Vehicle: I%DMSO 

Ru^incubaiion urne/Temp: 1 5 mktaes # 3? C C 

Incubation time: ^0 mirioies @ 37 C C 
20 Incubation buffer; 100 mM KHjPO^.pH 7.4 

Quantitation method: Spectxoflaorimetric quantitation, of 4~lwdroxyquinorine 

Significance criteria: > 50%- of maximum stiraoiatiou or inhibition 

Table? 



r „„ , ^„™.„™ — , 

Ferceatage IsmiMfipu of EsxjOKe Actrwty by 10 uM Solutions of 
DihydroteMbeua^ihe isomers 




Isomer A 


isomer B 


isomer C 


Isomer D 


(a) COMT 




-12 


•■22 




(b) MAC?- A 




3 


3 
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P^entageM 

Dihydroletrabenszine isomer;'; 


Enzyme 


Isomer A 


Isomer B 


Isomer C ] Isomer D 


(c) MAOB 




-5 


1 i 



is 




The ability of isomers B and C to inhibit upiale of swstonm (S^droxyiryptaniine) 
5 by human enibryoriie kidney cells vm measured using the felfevrng assay 
conditions; 



Target: 



Vehicle: 

Incubation Time/Temp: 
10 : Incubation buffer: 



Quantitation Method: 
Siadfieance criteria: 



Humaa ceils 
0.4%DMSO 
lOa-iinutes @ 25 °C 

SmMlris-eCi 7,5 mM HBPES, 120 mM N&CI, 5,4 
mM: f£Clj 1 ,2 mM C^Cis, 1.2 itlM MgSO.*, § mM 
gmeose s 1 mM ascorbic acid pH 74. 
Quantitation of [ J HJ serotonin: intake 
> 50%: inhmition of j 3 Hj serotonin uptake relative to 
fioxetine response. 



Results. 



Compound B was shewn to be aa antagonist and produced 56 % inhibition of 
serotonin uptake at a concentration of 10 «M, Compound B bad an 10$q of 7.53 
pM., 

iO Compound C was also shown to be an aniagomstand produced 16 % inhibition of 
serotonin irptake at a concentration of i&0L Compound B had an IGj& of 1 ,29 
uM. 



EXAMPLE 9 

5-BT j^ m Bi«dmg,Assay 
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The ^tyM:Qm$<M.B. 0<m$®m& Ctp Mnclto 5-MT iot receptors was 
tested using an assay based on the one described by MlUaa, Mi et at (2002) 
Pharmacol Biochem. Belm. fi> $%9«$9B, [N-metbyl 3 HJ OR-I2S743 was used as 
the .radioliogsad &r both 3-EX$0 -iM. S-HTib receptors. Adnlt SD rat fbrebraln p 2 
S membranes (Chazol et al, 1993): we^ used for the assay, The assay heffer used 
was SO MM Txis-HCI pH 7.7 at rpom tempenta containing 4 niM calcium 
chloride, 0J% ascorbic acid and 10 uMpargyline, S-HT (10 pM) was used to 
define aoa-spscifie binding, lueufeatiou with 1 &M pHJ -OR- 125743 was earned 
out for 1 how at room temperature, aid Ae/mactioja'-wasstoimated by rapid, 
1 0 filtration using a Brandel Harvester through GF/'B liters pre~soalced in 0, 1 % 

polyethylenehnine, followed by three washes Willi ice-coM buffer (supplemented 
wimOJHBSA). A doseraogeof Iff'^-iO^Mms ritillsed TbereS#arjt 
competition curves were analysed ts^ag the Or&phPad Prison 4 package, 

Boi.ii compounds B and € displayed po^dispiacemeutof fHj [M»methy:!j OR- 
IS 125743 Mqiitjg to ratfbrebram membranes (XCsa values > 10" 4 M). sugges&ig .that 
both. B and C have a low 0inily^5'WT^m:^0^^ 

EKAMBIM 10 

Detemimadou Q£ the Mesiinal Permeability of Dihydrotetrabenazme Isomers A, 
B : ,.€. and : 0. using The Caco-2 Absorption Assay 

2D The Caco-2 absorption assay is a w«Ihestab!isted system lot -the in vitro estlmadoh: 
of 0? vivo intestinal absorption of drugs - see Metmier et aL r Ceil Biology and 
Toxicology, Udmim, W'ils etui,. Cell Bhtegy and Toxicology, 10:393-397, and 
Ores et aU Tham Sci, 15(5): 720-732. 

The assay relies on the ability of Caco-2 cells to differentiate into enferocytes when 
25 cultured on a .microporous filter for a period of approximately 21 days. During the 
culture period, the Gaeo-2 cells undergo spontaneous morphological and 
biochemical changes, vduch produce a polarized rnonolayet with a well-defined: 
brash border on the apical sutiace, as well as tight eelhdar junctions, Therefore, 
these cells may be used as m m vim model for the analysis of drug permeabili ty. 
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Absorption across fee Cseo-2 monolayer can be measured la two directions: 
apicg.!-to-basoktmi or basoMeral-to-apiesL by addtag the co«>poun.d to fee apical 
or the basolaierai chamber, rsspectiyely. At •> , ^rip«s.;^a«^la% samples ate 
collected from the recelver-cfeamber for analysis fe the rale of absorption as 
5 measured by the apparent p^^b$^:,CQeffi0ieKt W&pp} across the monolayer. 

The Papp value reflects a combination of the fast article permeability through both 
trariseelluiar (through ceil membranes) and fee paxacellul&r (across the tight 
junctions between fee ceils) pathways, The relative contribution of these pathways 
depends upon the pK.% partition coefficient (log D), molecular radius, and charge of 
10 the test article at a given pll Papp values can then be used to rank-order 
compounds for their permeability throagh €aeo-2 monolayers, 

lite apparent permeability coefficients (Papp) of the four dfey^mtetrabcnassmi 
isomers A, B, C and D at SO \iM were determined using the Gaeo~2 absorption 
model and ranked In relation to reference compounds- of low, medium and high 

1 3 permeability. The: radio-labelled reference standards mamiito! (low), salicylic acid 
(medium) and testosterone (high) were used to establish a rank order of 
permeability. The Papp value of each dihydmtetrabeuaxiue test article was 
--c^b!»#^4'|^- xh^^>2fj^]g:its , c^xssoejfttratioii in the donor and receiver compartments 
after i hour, Absorption wap determined alpH 7,4 across ceil monoiayersan the 

20 apioaMo-hasoIateral direction. Caeo~2 ceils used to estimate Papp values were 
grown &r 26 days on Trans-well inserts in 12~weij plates. Monolayer integrity was 
verified before and after the absorption assay by the methods of traraseoithelial. 
electrical, resistance (0.h:m~em s ) and Lucifer Yellow. 



25 Stock solutions of mannitol; salicylic uoid and testosterone were prepared in 

'methanol, at 50 mM, On fee day of the- : as^yj : the. inference standards were diluted in 
Hank's balanced salt solution (MBSS)jpB 7,4 to a final concentration of SO pM, 



to their eorrespondiuf urj-labelied mdm *$g>csf&- ac&viiy of 0.3S - 

30 0.65 uXahnL Dihydroieirabenaziue isomer samples were prepared at a 




Radiolabeled ^G~mamntoL ~H~testosterone and '"'C-saiioyMo acid were then added 
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concentration of SO mM m DMSO* Each stock solution was further diluted in 
liBSS buffer (pH 7.4) to a final wotMug eonomtratlon of 50 {i&f 

The Caeo~2 cell suspensions were prepared as follows, fifes vM, of Caco-2 initial 
cell ID No, Caco~29~080299 from passage number 29 (American Type CMfUTe 
5 Collection (YA 5 USA) was thawed : aad.put%:C#tsrefe a 150 cm 2 flask containing 
Caeo~2 culture medium, Atcesifeeasy, fee culture medium was removed, and cells 
were washed with 5 ml of PBS, Ceils were detached following the addition and 
incubation with 0.25 % trypsin-EDTA (2,(1 ml per flask) for approximately 10 
minutes at 37 *C, Detaehrnenr of cells was monitored under a microscope and 

1.0 stopped by the addition of 10 mL of Caeo-2 culture medium. Cell viability and 
concentration were assessed by the trypan blue exclusion method. Once the cell, 
density and viability were determined, €aep~2 cells were diluted m culture medium 
to a final working concentration of 2,0 x ,10 s eeMmf The Caco»2 culture raedhum 
contained Dulbeceo's Modified Eagle Medium, i 0% fetal bovine serum, 100 nM 

IS non-essential amino acids, 100 TJ/m! penicillin and 100 ug/rol streptomycin. 

Coatar polycarbonate membranes (0,4 pm pore size) were pr e»-e<pilibrated with 
Caeo-2: culture medhnn fer 1 homrinaM S G water-jacketed incubator with 5% 
(%h. The content of the apical chamber was removed and replaced with. 500 pi of 
Caco-2 ceil suspension (200 000 cells/ml). Ceils were further maintained in culture 
20 fbr 26 days In a 37 ' 9 C water-jacketed lucimator with. 5% CO-a. 

Prior to the assay, all monolayers were washed twice with HBSS and their 
transepifeeiiai electrical resistance fnSBE) was measured with a Millleeil-BRS 
meter. TEER values obtained iu the absence of ceils were subtracted as background 
signal. Only monolayer with TIER values over 150 Ohm-cur* were used for the 
25 absorption assay experiment 

All absorption experiments were conducted in triplicate at pH 7,4. The rate of 
absorption of each mxtenco ^ test article was 

assessed in the apical^o-basdlaierai dueetidu, AEquote (100 ui) of each working 
solution (reference standards and test articles at 50 uM) were set aside at the 
3.0 beginning of the assay for the detemunariou of fee hntial concentration (€»)« 
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Absorption experiments mmM$&®4-W. r^iaciag-aje^atspt of fee donor 
chamber wife 500 pi of Haaks Balanced. Salt Sokmon comaiaiag test Micks or 
refetfme confounds. Cells -me^ ?e&mm&tQ;ik&: COa-ificdfeatorlor the-.absorption 
assay. Samples- of 100 pi were collected fam the receiver and donor chambers after 
5 1 hour and were used to determine fee percentage of recovery. Radio-labelled 
reference standards, matmM, salieyle acid and testosfemae were used as quality 
controls and for fee comparative ranking of d%<feo®rrabefiaxlne test articles. 

At the end ox the absorption experiment;, fee integrity of each cell monolayer was 
assessed by monitoring the leakage of Luoifer Yellow fiom the apkaJ^o-basolateral 

10: side. All solutions were removed from, fee apical and hasolateral chambers. The 
basolateral chambers were replenished wife 15 rnl of fresh. HBSS, while the apical 
chambers were filled with 0,5 ml of 120 jig/ml Lucifer Yellow solution, Cells wets 
returned to the incubator for a period of J hoor, after vM&h samples of 100 $ were 
collected and quantified spectroplmtometrically with the SpectraMax 340PC;~plate 

I S reader at 428 •mi. 

A volume of 20 pi of eaeliradio»labeUed sample wa$ :added to 10 ml of scintillation 
eqefctail (ScintiSafe 30%) and counted for up to 5 minutes with a liquid selntiiktbn 
analyzer (B00CA Tri-Carb). 

Caeo-2 cell incubations were analysed for die presence of dihydtoteirahenaxlne 
20 using a liquid ekomatograplry^ndemteaas spectrometry (LC-MS/MS) method. 

The apparent permeability coefficients were calculated osing the equation. 
Papp ~ dQ/dt x 1/A x .1/C© (oa/sec) in which dQ/di is the rats of diffusion of 
compound (fig/sec or integration area/see}, A. is the total cell membrane snrib.ee 
area <W) and C a Is fee Initial concentration (pgteL or Integration area/sec). 

25 The apicabto-basolateral Pmp Barnes of the different dihydroietrabenaxine test 
articles were compared with the Papp values determined .for fee reference 
standards, The results are shown In table 8, Compounds C, D aud A of 
dilwdrDietrabenaxine have aTespeetbe^^vaitJe of 21.14 x 10'\ 24.87 x 10"* and 
25.52 x I0^em/seo s wi|gh Is. oo4p^#Mo : fee : fetostes«..fefe'ence standard. 
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Compound: B has a Papp value of 11.98 xlO^ cm/see, which is similar to the 
salicylic acid reference standard. 

Tahiti 



1 CiSfSjposJtsd 
1 N sum 

| 


l>h'!:>:i:ios: 






(%) 


1. -lit Pii»» S 
< - f . ^ 

(t*i«/sec) x Iff* | 




A-t»B 


379 ±8 
— 


8!.Q 


97.1 ± 0.3 


LS8±0.14 | 


1 Salicylic 
; Ac-id 

— ™,™ 


A-io-B 


407 ±22 


1.02 


91$ ±11,4 


%.9\ ±8,14 | 


:j 




'* V i ... Av 


0.28 


SOS.OfiOi 




| Compound B 


A-to-B 


367* 15 


BLQ 


90, i :h 6.5 


1 

1 L98 ± 5.26 1 


1 Compound C 




390 ± 14 


BLQ 


10 i. 5 ± 12.4 




! 

(__ 


A-to-B 
A-to-B 


4i4±S4 
489 ±W 


BLQ j 106.5 ±23.8 

i 

BLQ ; m.B±7.9 

L 


^ ~ \ 

■Mm ±um 

5 

25.52 ±5:92 \ 

' ■: i 



Compounds C, D md A have a Po^i? yalije ©lose to the testosterone value, 
S mdica&g that these compounds have high petmeability in the eaeo-2 model 

whereas Compound 8 has a. value between the salicylic acid m& testosterone 
values, indicating that it has a mediism permeability in the Caco-2 model These 
results suggest that the four dlhydrotetrabenasine Isomers shodd be highly 
absorbed through the intestinal epithelium in vivo.. 

10 EXAMPLE II 

Comparisou o.f 

Dihydrole in; be ■ tazine isomers B a nd € 

A study v/a$ carried out In rats to detenm&e whether the dihydrotetrabenaxi ne 
isomers of the inveritku have sedativo poperhea. The effects of the isomers on 
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spontaneous locomotor activity is uU- were compared with the effects produced by 
tetrabenasme and haloperidol using the methods mi out below. 

Methods 

Male Sprague-Bawky rats, (CbarleaEiver Laboratories, SslBt-Germ&ia/l/ArbresIe, 
5 Prance), weighing 200-250 g at feljepaming of the study, were used .for the 
studies. The rats were housed, 2 or 3 per c*g§, in Makrolon type III cages, in a 
room set up with the 'following environmental conxhtions: temperature: 20 & 2 °C, 
humidity : minimum. 45 %, air changes; > 12 per hour, bgks/dark cycle of 12 h/12 h 
[on at 7:00 a, re,]. The rats were allowed to aeeiimatfee to their conditions for at 
10 .least five days before commencement of the study. The rats received food (pfete s 
Vigny, France, ref. S 1 1 002) and water (tap water in water bottle) ad. Bhtium, 

Solutions of each test compound m com ml weredxeshly prepared on the day of the 
experiment Haloperidol was prepared in hydroxyethykeliulose, in deiouized 
-water. Slier the vehicle or tire test compounds were administered as a single dose: 
IS (0.3, |, 3 and 10 mg/kg, 2 mt/kg Lp>). The reference compound haloperidol (1 
mg/kg) was administered i,p. (2 mUkg), 

The animals were placed in plexiglass cages under a video camera ia a room with 
low light intensity (maximum 50 lux), At forty five mimites and 3 hours after 
administration, locomotor activity was determined during 20 minute periods using a 

20 video image analyzer (Vtdeotrack, "View Point, Prance), Locomotor activity was 
recorded in the reference group (haioncridot) at i 'hmx after adniimsteOon. The 
number and duration of ambulatory movements and duration, of inactivity was 
measured, At the end of the locomotor activity measurement (45 minutes, and 3 
hours), palpebral closure and arousal were be scored, as 'follows in the plexiglass 

2 5 cage : 

Palpebral closure : 

0 : (normal) eyelids wide open 

1 : eyelids slighiy drooping 

2 : ptosis, drooping eyelids aprax3ximately half-way 
30 3 : eyelids completely shut 
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Arousal ; 

1 j verv low, stspor> coma* 1^ 

2 : low, soJSie stispqr, & dulled », some head or body movement 

3 : somewibatlo^.&fi^s.t stupor, *m6:m&0tttoty movements with 
5 periods of immobility 

4 : normal , alert, exploratory movements /slow freeze 

5 i somewhat high, slight eXeimmeni. tease, sudden darting or 
freezing 

6 ; very high, hyper alert, excited, sudden boots of rphmng or body 
10 movements 

The number of occurrences sod duration (in seconds) of ambulatory (large) 
movements and the deration of periods of inactivity (seconds) was determined 
during two 20 minute- periods (45 minutes and 3 hours after administration) using a 
video image snnlyzet {Yideobach, ¥ievv|?okt s Lyo& } France) . Image tracking was 

I S performed using a video camera placed above the plexiglass cage, recording overall 
locomsHO* activity. Images recorded with the video camera were -digitated and 
displacement of the centre of 'gravity of the digital image spots was tracked and 
analysed using the following method: the speed of displacement of the centre of 
gravity of the spot was measured and two threshold values were set to define the 

20 type of movement ; threshold 1 (high speed) ami threshold 2 (low speed) . When the 
animal moved and the speed of displacement of the centre of gravity of the spot was 
above threshold 1, the movement was considered as an ambulatory movement 
When the animal remained Inactive the speed was below threshold. 2, the 
movement was considered as Inactivity. 

25 The .results were expressed as the means * SEMs of the 12 individual values. 

Statistical analyses were carried out usmg ANOV A (one way) and Dtnmeit's t-tesi 
and with the won parametrle test of Krnskal-Waiiis followed by a Mann & Whitney 
U-test for dm sedation ooiation. A p value of p<0.bS was taken as Indicating 
significant,. 

30 Protocol 
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Grow? I: Reference, hslopsid©! (ling/kg i.p,) 
Group 2: Vehicle control gimsjs (2 ml/kg ip.) 
Group 3: ietrabesaxme (0.3 mg/kg i.p) 
5 Group 4: ietmbe&asiae (1. mg/kg Lp) 
Group 5: tetrabeaadne (3 mg/kgip) 
Group 6: tetrabeaazms (10 mg/kg i.p) 
Group 7: Isomer C (0.3 mg/kg i.p) 
Group 8: Isomer C (1 mg/kg i.p) 

10 Group 9; Isomer C (3 mg/kg i.p) 
Group 10: Isomer C (10 mg/kg i.p) 
Group ! ! : Isomer B (0.3 mg/kg i.p) 
Group 12; Isomer B (I mg/kg Lp) 
Group 13: Roarer B (3 mg/kg ip) 

IS Group 14: Isomer B (1 0 mg/kg i.p) 

Results 



Effects ofTetrabeuazifte, Isomer B, Isomer C ( 0,3, 1,3 md 10 mg/kg i.p.) on 
spontaneous locomotor activity us rats 



.™>>>w~>>w.v™.™.«. - 

Observation lime : 45 minutes after adramistxeOon 






Large movements 


Inacthity 




Dose 
(wg/kg) 


OceuSTertee 


Psmvimn (see) 


Bnmikm (see) 


Vehicle 


2 mL/kg 


286 ±35 


76.4 ± 10.9 


349.0 db 37.4 


Haioperidol 


I mg/kg 


58 ±33 ■** 


14,8 ±8.5 ** 


637.2 ±60.1 ** 


Teoabenaxine 


0.3 mg/kg 


253 ±32 


66.8 ± 10.7 


390.4*37.4 


Teirabenaziae 


I mg/kg 


IP ±32 


46,5 ± 8.6 


456.S ± 505 


Tetrabeuaaiue 


3 mg/kg 


38 ±25** 


8,7 ± 5,9 ** 


697.8 ± 39,7 ** 


Tstrabeuaziae 


10 mg/kg 


1 ± 1 ** 


0,2 ± 0,2 ** 


723.1 ±46.5 


isomer C 


0.3 mg/kg 


285 ± 34 


79.2* 10.0 


323.7 ± 25.6 



W0 2(i(!5/!)?7946 P€17CiB:M*S/SKHM64 



Isomer C 


1 mg/kg 


205 * 30 


71,8 * 8.3 


324.6 * 38,1 


Isomer C 


3 m.g/kg 


308*36 


84.0*9.4 


322,7*27,8 


i Isomer C 


10 mg/kg 




66.5 * 9,9 


368.7 * 30.9 


Isomer B 


03 mgfkg. 


268 ±36 


72.0*9,6 


346.1 ±36.9 


Isomer B 


i mg/kg 


297 ±22 


87.0* 7.6 


334.0*23.2 


Isomer B 


3 mg/kg 


313 & 38 


89.1 * 12,4 


342.2*33.3 


Isomer B 


1.0 mg/kg 


298 ±37 


84.0*11.2 


333.1*26.9 


Observation time : 3 hoars offer administration 




Large mfcvemsKKts 


Imictiviiv 


Treatment 


Dose 
(mg/kg) 


Occurrence 


Duration (see) 


Duration Cssc) 


Vehicle 


2 ml/kg 


101*23 


24,8* 6,0 


::— - 

540.9 * 37,5 


Haloferiiol 


1 mg/kg 


9*8 ** 


2.2 * 2.0 ** 


723.6*50,2 ** 


Tetrabenazme 


0,3 mg/kg 


96 ± 14 


24.3 •* 4.2 


545.9*37,1 


Tetrabeaa^lae 


1 .mg/kg 


90* 16 


21.5 * 4.0 


556.9* 31/1 


Tetr&rjgaa^me 

i 


3 .mg/kg 


9 ± 4 ** 


1.7 ±0.9** 


729.9*26,8** 


Tetrabenazins 


10 mg/kg 


3*1 ..** 


0.6*0.3 ** 


762.1*40,7 ** | 


Isomer C j 0,3 mg/feg : 


tB:±l9 


31.4*6.0 


519.3*33.7 


Isomer C 


1 mg/kg 


128*24 

, ,, • .., 


30.3 * 6,5 


510.2*44,9 


I — ~ 

Isomer C 


3 mg/kg 


125 ±22 


30.2*5.5 


— 

493.6*38,5 


Isomer C 

i : 


10 mg/kg 


104*30 

■ 


42,7 * 8.0 


465.7 * 49,0 i 


- ■ v ' 

isomer B I 0,3 mg/kg 


101 *29 


28,9*9.2 


566,4*44,3 


Isomer B 


1 mg/kg 


125*18 


34,5 * 6.2 


525 B * 28.6 


Isomer. B 


3 mg/kg 


113* 17 


314 ±6.5 



530.5 * 38.0 | 


Isomer B 


10 mg/kg 


120*26 


39,9 * 6.4 


515,0*53.0 
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"Significantly, difesm fern VehMte group |^asj)AH<5m oa« wsy Mtovved by Dastsett's test 

The fesults demonstrate tliat tetebsr^iw produces a do^-degeadmt sedative 
effect 45 minutes and 3 horns, #^:«dmMst«a&» waasss Isomer B and Isomer C 
show no sedative effects at any time, although isomer C does show a slight and 
non-sigaiflcaot hyperlocorRotor effect 3 hows afa aditsl^istratiori, . 

M4MPLEJ2 

Pharmaceutical Com positions 
OiXablet Formulation 

A .tablet composition containing s dil^d^etraoeriaxine of the invention ^prepared 
by mixing 50mg of the dihydrotetmheoMiM %i||t I97mg of lactose 0f) as diluent, 
and 3mg magnesium stcarate as a InhrleaM and compressing to form a tablet in 
known: maimer, 

10 IMrietfomdationv IT 

A tablet composition containing a diaydi^tetYafeenagisia of the inve n tion is prepared 
by, mixing the compound (25 mg) ^ithifon o^de^aetpse, magnesium stear&te, 
sm^.m^:y>Mt» mi&t% and ^P^m'^:%m^Wm-Ukmm-m»m. 



A capsule formulation is prepared by mining JOOmg of a d%di«tetrabenazhe of 
fee invention with lOOmg lactose and Ming the resulting mixture into standard 
opaque hard gelatin capsules, 

Ikpdv 



ft will readily be apparent that aumerous modifications and alterations may be made 
to the specific mbodimei^m^ mvmtiM deso$>ed;abpve without departing 
from the principles underlying the Invention. Ail such modifications arid alterations 
are intended to be embraced by this application. 
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CLAIMS 

1 . 3 J 1 b<?^~diliydrotets^®gzHts. 

2. 3,1 lb-c^-di.hydrotetm^e?^M m mhmmMy pure form, for ®smpte at an 
isomeric purity of greater than. 90%, typeslly greater than 95% and more 

5 preferably greater than 98%. 

3. 3 J I br£te^y<te®mi^^ to claim 1 or claim 2 which is m a 
(^-isomeric form. 

4. A composition comprising 3,1 lb-OT^ydtet«festjmasa&e substantially free 
of 3, i Ib-rr^-dilrydratetrabftRadse. 

10 3, A composition comprising 3 J Ib-^dil^drote&abeaazme and containing 
leas than 5% of 3 J lb-*r««.s^ 

of 3. 1 lb-fmm^hydrot$aafe^ja^,«j^ &m ptefeably less than 1% of 
3,1 ! b-^?^-dihydi'Otetrabe«azine, 

%. A wmpsMm according to claim 4 or claim 5 wtera the 3,1 1 b*ci$- 
1 S dlhydrotetr&beBaKme is a (^-isomer, 

■7. The 2S,35 v t !M hmw of 3> 1 .1 b-c^-difiydrotetrabeBazirK; having the 
ibrmiiia (!a): 



CH 3 0 ^ „ ^ H 

OH 



8. The 2RMMbSi^^M:3 t Ub-vis^fm^&Ui^m bavisg the 
formula (lb): 
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S3 



GH 3 0, 



CH,C 




OH 



(lb) 



5 10. 
11. 

10 12. 
13. 
14. 

15 



The 2jOS,1 IbR Isomer of 34 ib-c^-difey^rofeirabenazine having the 
formula (lo): 



Ihe26^3Jy Ifo&isonier of SJlb^-dlhydrotetrabei^Sie' having the 
iormuia (Id); 



A 3,ilb-c^~dihydK>fet«iberjasaKs isomer having m ORD [a»] value of 



A 3- } l Ib^^-dihyd^telrabemzstee.'isom^ having an ORD [a®] value of 
approximately -H 23* when measin-ed. in aiethauol at 2.1 *C< 

A. 3,1 1 b-c^ihydrdt^bma^i^m^'ljaviij^- as ORD [a D j value of 
f 1 50.9° whea measured In methanol at 

A 34 Ib^-dihydx.-otetra'berjanne isomer ha ving an ORD value of 
-145.7* whm measured ir> uiethano! 31 21'Xl. 




CH,G. 



(fc) 
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15. A dihydroietr absnasme isomer having the spectroscopic efearaetmstks set 
o ut in Table I herein and the and. ephonaliy the ORB 

clmmctmstks set out in Table 3 -'.herein. 



16. A dih)%otek#maKme isomer having lite spectroscopic chaiaoterMcs set 
5 out in Table 2 herein and fee ebmmatograpfek and optionally the ORD 

elwacteristies set out in 1 able 4 herein. 

1. 7, Dihy mx>tettabenazine isomer A having the spectroscopic characteristics set 
out in Table 1 herein, the ela^atopapMe elmracleri sties set out In Table 3 
herein, and having laevoroMory optical activity . 

1 0 1 8, Dibydrotetrabmaxiae isomer B having the spectroscopic oha.ract.erist.les set 
out m Table 1 herein, the chromatographic characteristics set out is Table 3 
herein, am! having dextrorotatory optical activity 

10. Dihydrot8trabe«axi»e isomer C havmg the s^tr^s§dpic-diamtef|stieS.set 
out hi Table 2 herein, the cinematographic characteristics set out in Table 4 
15 herein* and having dexnmoiatory optical activity. 

20. jDfhydrotetrabenamc Isomer D having the spectroscopic characteristics set 
oof In Table 2 herein, the chromatographic elutraeterisiics set out ipTaMs 4 
herein, and having ke^tn^fory optical activity. 

21 . A dihydrotetmbenaigine as defined in any one of the preceding claims in the 
20 form of a free base. 

22. A dihydroteir&benazsne as defined In any one: of claims 1 to 20 in the form 
of an acid addition salt 



23. A dilxydi'otetrahenazine according to claim .22 wherein the salt Is a methane 
sulphonats salt 

25 24. A dlbymotstmhenazme as defined in any one of the preceding claims for 
use in medicine or tileranyj for example in the treatment of hyperkinetic 
movement disorders such, as Hunnngfenfs disease, hemihalils.ro us :! senile 
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chorea, tic, tardive dyskm&sfe and Tontette's synarome, or die treatment of 



A pharmaceutical composition comprising a dlhydrotetfabenazine as 



The use of a dlhydroteirabenaxoieas defined m my one of claims I to 23 
for the manufacture ox a medicament for the treatment of hyperkinetic 
movement disorders such as Hoxmagter's disease, :nemmaiSisrnus :> senile 
chorea, tic, tardive dyskinesia and fourette's syndrome, or the trearxaent: of 
depression. 

A method for the prophylaxis or treatment of a hypokinetic ipovement 
disorder such as Hxmtmgtna's disease. UemibalUstnus. senile chorea tic, 
tardive dyskfe(&^ : ^ T#^^i,s^to0,- or: lie treatment of depression, 
hi a: patient m need of such prophylaxis or treatment,, which method 
comprises the adrsiinistraiion of an etfeedve prophylactic ortherapenile 
mmni of a dmydrotetrafeer^ in my one of claims 1 to 23. 

A process for preparing a dihydroteirabenarfne as defined k any one of 
claims I to 23, wfeich process comprises the reaction of a compound of the 
formula (K): 



with a reagent or reagents aoftable for Irydraiiog the 2,3-double bond in the 
compound of formula (If) and mereaiad: where required separating and 
isolating a desired dihydrotetrapenasme isomer form , 




defined in any one of claims 1 to 23 and a phamiaeeudealiy acceptable 



earner. 




A process for preparing a dihydroMrabenasne as deiinsd in any one of 
claims 1 to 23, ^ic^-pio€^.c^^Kfses-suMectH^ a-compousKl. of the 
formula (111): 
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10 



to cmmmm for foe 23 --epoxide group in Vat compoimd of the 

formula (ffl), and thereafter wfeers required separating and isolating a 
desired dihydrotstrabeaazme isomer i>rm, 

A process for preparing a compound of the fommU (Hi) as defined m claim 
29 which process comprises reacting an alkene compound of the formula 
(0) as defined m claim 2/ with mx oxidising agent (such as a pemxy acid) 
suitable for forming aa epoxide grouo. 



31. A process for preparing a sompmM of fee romrtik P) as defined io da 
"i$ which srocess^ cotrwk*** d«»'hwW»r* -» *-i *i,„i - , >■ 

with a dehydrating: ageM such m a pho^hprus hahde or phosphorus 
oxyhalide. 

32. A c ompound of fee faula {II); 



ine 



H 



A compound of foe mmmk 01}; 



OH) 



fo 

fd 



34, A Mote's acid ester of acompound m defined In any one of claims I to 
2*. 
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